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In the mid-1940s a major milestone was reached in 
terms of progress in the field of surgery. Far-reaching 
discoveries, which included a sound concept of surgi- 
cal shock, development of techniques that would 
make blood transfusions readily available, the intro- 
duction of powerful antibiotics, and dramatic ad- 
vances in anesthetic management along with vastly 
improved anesthetic agents, all led to an increased 
margin of safety in major operations. Significant tech- 
nologic advances soon followed in the wake of these 
fundamental surgical adjuncts. This review will trace 
the evolution of surgical gastroenterology over the 
past 60 years, focusing on specific areas of the gas- 
trointestinal tract along with associated diseases, com- 
plications, and other abnormalities. 

S T O M A C H  

Sixty years ago gastric surgery was one of the most 
prominent components of general surgery. Professor 
Hans Finsterer, a well-known Viennese surgeon, had 
just visited the United States and demonstrated his 
technique of partial gastrectomy to treat duodenal 
ulcers. Gastroenterostomy was still widely used de- 
spite the growing recognition that anastomotic ulcer- 
ation was at times associated with the procedure. Dis- 
tal gastric resection was becoming the standard oper- 
ation at most major medical centers where it was rare 
for even one week to pass without several such pro- 
cedures being performed. 

A stressful lifestyle was considered the most com- 
mon etiologic factor, and the mainstay of medical 
treatment was a bland diet that included large quanti- 
fies of milk and tincture of belladonna four times a 
day. H2 blockers and the recognition of Helicobacter 

pylori were, of course, years away. As the incidence of 
recurrent ulcers following resection began to mount, 
the extent of  these resections was continually in- 
creased. Seven-eighths and nine-tenths gastrectomy 
procedures were even proposed, but fortunately these 
were never widely accepted. 

The effectiveness of Dragstedt's vagotomy as com- 
pared to partial resection was a hotly debated subject 
during the late 1940s and early 1950s; however, as the 
procedure became widely accepted, attention turned 
toward attempts to improve results and lessen side ef- 
fects by restricting the vagotomy to an increasingly 
limited section of the nerve ending with the use of the 
so-called "parietal cell vagotomy." 

At approximately the same time that operative 
techniques of acid reduction reached a high level of 
acceptance, vastly improved antacid medications also 
became available; thus the incidence of operative 
treatment of peptic ulcers has plummeted since the 
1950s and 1960s. Treatment of Helicobacterpylori in- 
fection also seems to have lessened the need for sur- 
gical treatment. 

The  standard indications for surgical treatment, 
which formerly included bleeding, perforation, ob- 
struction, and, most common of all, intractable pain, 
have now been more or less limited to perforation, 
obstruction, and refractory bleeding. Pain refractory 
to all forms of medical treatment today is rare. 

The uncommon form of peptic ulceration associated 
with the Zollinger-Ellison gastrinoma can now usually 
be controlled by removal of the tumor or pharmaco- 
logic reduction of acid secretion without resorting to 
total gastrectomy as recommended in early reports. 

The  incidence of stomach cancer in the United 
States has declined so consistently and dramatically 
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since the 1930s, when it was the most common cause 
of cancer death, that gastric resection for cancer is no 
longer the common procedure it was. For example, it 
was reported that 62 gastric resections for stomach 
cancer were performed at the University of Min- 
nesota in one year (1945). The cause or causes of this 
decline are still a bit of a mystery, although there is 
much evidence to suggest that it is related to dietary 
factors and possibly to a lower incidence of Helicobac- 
ter pylori infection. 

After a brief trial using total gastrectomy to treat 
stomach cancer, high subtotal gastrectomy is cur- 
rently the most widely accepted procedure in the 
United States, although total gastrectomy is still being 
evaluated in certain European clinics. 

Discouraged by the advanced stage of the disease 
when it is first diagnosed in the United States, sur- 
geons are using extended lymph node dissections less 
frequently in this country than in Japan where the 
concept of "early gastric cancer" was first emphasized 
and stomach cancer is common. 

BILIARY T R A C T  

The technique of cholecystography, which was first 
introduced in 1924, allowed an accurate preoperative 
diagnosis of gallbladder disease (much later, ultra- 
sonography permitted an even more accurate preop- 
erative diagnosis). No longer was it necessary to wait 
until the inflamed gallbladder could be palpated or 
the patient became jaundiced before a definitive diag- 
nosis of gallbladder disease could be made. Thus 
within a few years cholecystectomy became one of the 
most frequently performed abdominal operations. 
With the introduction of laparoscopic cholecystec- 
tomy, the number of operations being performed has 
again sharply increased. 

Operative cholangiography, which was first intro- 
duced in 1931, greatly enhanced the identification of 
common bile duct stones at operation and lowered 
the incidence of retained stones to a level that re- 
mained fairly constant until the introduction of the 
choledochoscope. 

Less common conditions such as choledochal cysts 
were rarely diagnosed before middle age, and explo- 
ration after repeated attacks of cholangitis presented 
the surgeon with an inflammatory vascular mass that 
made any type of surgical approach hazardous 
whether it involved cyst excision or a bypass proce- 
dure such as choledochoduodenostomy or choledo- 
chojejunostomy. Recognition of the potential hazard 
of malignant degeneration of the cyst lining has made 
excision of the cyst, or at least the mucosal lining, the 
standard treatment today. Fortunately most of these 

cases are currendy recognized early in life before re- 
peated attacks of cholangitis have caused severe in- 
flammatory changes in and around the wall of the 
cyst. 

Patients with iatrogenic strictures of the bile duct 
were generally seen late in the course of their disease. 
They were deeply jaundiced and frequently had bil- 
iary fistulas and/or intra-abdominal abscesses. A bil- 
iary-duodenal anastomosis, the usual method of re- 
pair, was often unsuccessful. The dense hilar scarring 
that followed repeated unsuccessful repairs led to at- 
tempts to establish biliary-enteric drainage via the in- 
trahepatic ductal system, thus avoiding the hilar re- 
gion. The incidence of strictures declined over the 
years with the increasing availability of well-trained 
surgeons to perform the original cholecystectomy, 
and a hilar Roux-en-Y jejunobiliary reconstruction 
became an increasingly successful method of repair. 
A resurgence of ductal injuries has occurred with the 
rapid introduction of laparoscopic cholecystectomy, 
which is apparently associated with the so-called 
"learning curve" of this new technique. 

In 1957 several investigators pointed out the diffi- 
culties in establishing a differential diagnosis, either 
clinically or pathologically, between sclerosing 
cholangitis and carcinoma of the bile duct, and they 
suggested that certain strictures of the bile ducts, 
which were thought to be caused by sclerosing cho- 
langitis, might actually be due to a slowly progress- 
ing, obscure carcinoma. Today the characteristic cho- 
langiogram of sclerosing cholangitis and its recog- 
nized association with other disease (i.e., ulcerative 
colitis) aids greatly in establishing the diagnosis, al- 
though differentiation may, at times, still be difficult. 

Intubation, performed either surgically or endo- 
scopically, has been found to provide acceptable pallia- 
tion if resection of the bile duct carcinoma is not pos- 
sible. Sclerosing cholangitis may be palliated for years 
by resection of accessible lesions or by prolonged in- 
tubation. Hepatic transplantation is considered in 
long-standing cases because palliation by other means 
is often inadequate and there is also the possibility of 
malignant changes in the bile duct endothelium. A 
satisfactory "cure rate" for both of these diseases is 
still being sought. 

E S O P H A G U S  

Thoracic surgery was in its infancy 60 years ago. 
The first successful pneumonectomy was performed 
in 1933, but adequate anesthetic techniques and the 
dangers of mediastinal infection impeded surgery of 
the esophagus. The report of a successful intratho- 
racic esophagogastrectomy for resection of a carci- 
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noma of the esophagus in 1938 led to increasing at- 
tempts to replace part or all of the thoracic esopha- 
gus for both benign and malignant lesions by in- 
trathoracic advancement of the stomach or placement 
of segments of the jejunum or colon through the tho- 
rax or in subcutaneous tunnels. 

Esophageal reflux was managed largely by nonsur- 
gical means. Resection with gastroesophagectomy was 
reserved for the most severe cases. The Nissen fun- 
doplication procedure would come later. 

The first successful one-stage primary repair of 
congenital esophageal atresia was reported in 1941 
and led to a general awareness of the condition, a 
more prompt diagnosis, and an increasing number of 
successful outcomes. 

Reports from the Mayo Clinic in 1947 of the suc- 
cessftd treatment of bleeding esophageal varices by in- 
jection of sclerosing solutions were largely ignored 
because portacaval shunting, which had been intro- 
duced in 1946, seemed more definitive. Only in re- 
cent years has the procedure again found a place in 
the management of acute variceal bleeding. 

Because of the risk of life-threatening mediastinitis 
following resection, patients with cervical esoph- 
ageal diverticula were frequently not referred for sur- 
gical treatment until these diverticula obstructed 
swallowing because of their large size. The following 
two-stage operation was suggested: during the first 
stage the diverticulum was mobilized and elevated in 
the neck to prevent its filling when the patient swal- 
lowed. The wound was then packed to seal the area 
from the mediastinum. The diverticulum was then 
excised during the second stage. If the patient was 
elderly and frail, which often seemed to be the case, 
and the symptoms were largely relieved simply by 
elevating the diverticulum, then the excision was 
omitted. 

The Heller operation for achalasia of the esopha- 
gus, which had been reported at a meeting of the Ger- 
man Surgical Society as early as 1924, was still in use, 
but in view of the increasing thoracic surgery experi- 
ence, attempts were being made to improve results 
with more extensive operations involving resections. 
Late results with such procedures, however, have led 
to a general return to the simpler Heller procedure 
with the addition of a Belsey Mark IV fundoplication 
to prevent reflux. 

PANCREAS 

Acute pancreatitis was usually diagnosed on the ba- 
sis of clinical findings. If the patient was seen during 
the day, the diagnosis might or might not be con- 
firmed by means of serum amylase testing. A diag- 

nostic laparotomy was usually required to establish a 
diagnosis. And even if soap spots and an inflamed pan- 
ereas were found, a wedge biopsy of the pancreas was 
obtained to confirm the diagnosis. Fortunately com- 
plications arising from this approach were infrequent. 

With the report of a successful two-stage proce- 
dure in 1935, interest in pancreatic resection was re- 
vived. The "Whipple operation" was followed a few 
years later by the report of a single-stage procedure 
not unlike the one most commonly used today to treat 
various types of periampullary tumors. Although the 
mortality and morbidity of the procedure are greatly 
improved, long-term survival figures for pancreatic 
cancer remain disappointing. 

The treatment of chronic panereatitis is today 
largely devoted to various procedures that are in- 
tended to improve pancreatic duet drainage, with re- 
section reserved for refractory or unusual cases. A 
wide range of procedures designed to divert bile or 
gastric juice or both have also been tried, along with 
injections of both short- and long-acting blocking 
agents in and around the celiac plexus. 

T R A U M A  

In the 1930s many surgical residents were trained 
to treat penetrating injuries of the colon, such as stab 
or gunshot wounds, by simply primary closure. How- 
ever, extensive experience with such wounds during 
World War II, which were typically caused by high- 
velocity missiles or shrapnel, quickly demonstrated 
that colostomy or exteriorization was the preferred 
treatment under combat conditions. However, on re- 
turning to civilian life, where injuries were apt to be 
the result of small caliber missile trauma or stab 
wounds and where prompt treatment was generally 
available, surgeons resumed their frequent use of pri- 
mary closure. 

Preparation of the colon for an elective operation 
consisted primarily of measures designed to promote 
mechanical cleansing of the colon and included sev- 
eral days of a liquid diet along with a laxative followed 
by cleansing enemas. Techniques and instruments 
were devised to enable the surgeon to perform a so- 
called "closed" anastomosis following segmental re- 
sections. With the patient well prepared and the pro- 
cedure properly performed, the results were remark- 
ably good. As a matter of fact, some of the more ex- 
perienced colon surgeons temporarily returned to the 
cleansing procedure after encountering some of the 
complications that accompanied the initial attempts 
to "sterilize" the colon with large doses of the early 
broad-spectrum antibiotics. 

Cases of diverticulitis severe enough to warrant 



Journal of 
100 Longmire Gastrointestinal Surgery 

surgical management were treated with a three-stage 
procedure comprising (1) proximal colostomy, (2) re- 
section of the diseased segment, and (3) finally, clo- 
sure of the colostomy. Even after the advantages of 
the one-stage or, at times, the two-stage procedure 
had been demonstrated, the three-stage technique 
continued to be widely used for some time. 

Until 1948, when the importance of the agan- 
glionic rectal segment was recognized as the causative 
factor in most cases of megacolon in pediatric pa- 
tients, many of these cases were treated with 
colostomy or partial resection of the distended prox- 
imal colon. Since the acceptance of the basic concept 
of the aganglionic segment, a variety of procedures 
have been introduced in an attempt to enhance the 
safety of the operation and improve postoperative 
bowel function. 

P O S T S C R I P T  

Although there have been remarkable refinements 
in diagnostic procedures and operative techniques 
over the past 60 years, including the more recent in- 
troduction of endoscopic and laparoscopic proce- 
dures, the contrast between results of present-day 
treatments and those achieved more than a half-cen- 
tury ago can be attributed primarily to the following 
factors: a better understanding and improved man- 
agement of surgical or traumatic shock, a greater un- 
derstanding of the metabolic response to injury, re- 
markable advances in anesthetic support with wide- 
spread adoption of endotracheal anesthesia and use of 
curare-like agents, and the development of powerful 
antibiotics starting with the introduction of penicillin. 
Further refinements and improvements of these ba- 
sic contributions are ongoing. 



State-of-the-Art Address 

Fighting in the Fortress of Medicine: Surgical 
Competence in the Era of Managed Care 
Albert R. Jonsen, Ph.D. 

I am pleased and honored to be giving this year's 
State-of-the-Art Address. You can anticipate a rather 
different type of lecture since I am a philosopher, not 
a surgeon, and I know little of your science and aa  
except from the standpoint of having been a surgical 
patient. I will be speaking on the generic topic of 
medical and surgical competence, in particular the 
ethical imperative of competence in the era of man- 
aged care. Even more specifically, I will be discussing 
the era of managed care, which is upon us and is our 
future. I will talk about this very modem problem by 
first filling you in on some medieval medical history. 
This unfamiliar episode in the history of medicine 
has, in my opinion, amazing relevance to the modem 
problems faced by medicine today. 

Nine hundred years ago, several Italian merchants 
felt called upon to serve God in some charitable work. 
They decided to dedicate their lives to serving the sick 
pilgrims in the Holy Land and so, only a decade be- 
fore the Crusades began, they opened a hospital in 
Jerusalem. They called themselves the Brethren of the 
Hospital of St. John of Jerusalem. Within a few years 
they had opened hospitals elsewhere along the pil- 
grim routes. 

The  Hospitals of the Brethren spread from 
Jerusalem through the Near East and into Europe. 
They were the prototype of the hospital as we know it 
today. A strict regimen was observed. Physicians were 
required to visit each patient twice a day and to record 
the patient's progress on a chart hung on the bed. 
Grand rounds were held weekly and autopsies were 
performed once a month. Prescriptions were written 
and filled by a pharmacy. Each patient's food was pre- 
pared in conformity with his or her illness. All who 
were sick and in need of medical attention were ad- 
mitted regardless of whether they were Christian, 
Muslim, or Jewish. Above all, the Brethren, as physi- 
cians, nurses, and administrators, acknowledged that 
they had obligations to their patients. The rules of the 

hospital had an overriding imperative: "The Brethren 
of the Hospital should serve our lords, the sick, with 
zeal and devotion as if they were vassals to their 
Lords" (Rule of 1181). In other words, they viewed 
those whom they served as having authority over 
them, just as the medieval lord had authority over his 
vassals and serfs. Never before in the history of med- 
icine, even in the noble Hippocratic texts, had there 
been such an explicit acknowledgment of a duty to- 
ward the sick. 

However, the Brethren were caught in the Cru- 
sades. They realized that their hospitals were vulner- 
able and they quickly established a security force that 
grew into a military arm. They changed their name 
from Brethren of the Hospital to the Knights of the 
Hospital. Although the hospital work continued, the 
military mission expanded. Every member was re- 
quired to serve half a year in each branch of service. 
Within a century they had become the largest single 
military and naval force of Christendom. Their  hos- 
pitals had become fighting fortresses. 

Historical records show that from the mid-twelfth 
century onward, the hospital administrators con- 
stantly complained to headquarters that funds which 
should have been devoted to the care of the sick were 
being diverted to the military units. They built great 
castes. One of these, Crac de Chevalier, near Damas- 
cus, Syria, was described by Lawrence of Arabia as 
"the most wholly admirable castle in the world." 
When French archeologists published their study of 
that massive fortress in the 1930s, they said, "It is not 
possible to say with certainty where the infirmary 
was." A work that had started with caring charity to- 
ward the sick poor had been transformed into some- 
thing quite different--a vast complex engine of mili- 
tary might within which, somewhere hidden and 
obscure, the work of healing went on. 

This story from the medical past carries an obvious 
message for the medical present. Modern medicine 
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has been built into a fortress. Over the past 50 years 
the structures of science, finance, insurance, govern- 
ment, and industry have been added as the walls, tow- 
ers, bastions, and moats around the work of healing. 
This  has become necessary for the following reasons: 
expanding skills and advances in medical technology 
require ample and complex support; capital must be 
raised to finance buildings; insurance is needed to pay 
for medical care; and government and business invest- 
ments are needed to fund research and provide loans 
for education. Modern medicine would not be mod- 
ern were it not surrounded by all of these structures. 
Yet we are coming to see, as never before, that each of 
these structures makes its own stringent demands and 
each has its own purposes and values, and the more in- 
tricately involved medicine becomes with these de- 
mands, purposes, and values, the greater the impact 
that will be felt by medicine. Indeed, not a few practi- 
tioners of medicine have accepted these demands, pur- 
poses, and values as their own, under  the oft-heard 
maxim, "well, after all, medicine is a business." 

Might  the time not come when our great modern 
fortress of science and medicine will be as empty and 
desolate as the Crac de Chevalier? No t  in the physical 
sense but empty in the spiritual sense, for the spirit of 
healing and caring for our lords, the sick, will be gone. 
We might then ask indeed, we may ask now, "where 
is the infirmary?" You have all been touched by the en- 
croaching demands of foreign powers on your prac- 
tices. I do not need to relate these problems in detail, 
which include constrained reimbursement,  "incen- 
tivized" salaries, restricted referrals, close oversight, 
conflicting contracts, a plethora of paperwork, dimin- 
ishing resources for teaching and research, and shifting 
populations of patients. Complaints concerning all of 
these difficulties have become daily occurrences within 
the profession. Exactly how all of this turmoil and all 
of these techniques will affect quality of care or patient 
satisfaction or health outcomes or costs remains un- 
certain. Almost the only thing we do know for sure is 
that the salaries of CEOs keep escalating. Amid the 
complaints and queries, we must  continue to ask, 
"where is the 'infirmary,' that is, where in this new 
business are the sick being cared for?" 

Of  course, patients are still present in large num- 
bers and most  physicians and surgeons still devote 
most of their time and energy to caring for them. Ob- 
viously, in the cavernous and complex buildings in 
which we work, there are surgical suites and patient 
beds. That  is not the point, however; the question re- 
mains, is there something essential about patient care 
that is being overwhelmed by the systems of money, 
management,  and law that we call health care? No t  a 
few doctors and patients suspect there is. 

I suggest that one essential element of care that is 
endangered is medical and surgical competence. I will 
attempt to explain my suggestion. Dr. Lawrence Way, 
in his Presidential Address to The  Society last year, 1 
referred to my philosophy of  competence. He quoted 
from my book entitled The New Medicine and the Old 
Ethics, 2 "The  cardinal ethic of medicine is compe-  
tence: The  possession and use of the requisite knowl- 
edge, technical skill, and humanism. The  relationship 
between the public and the medical profession hinges 
on trust, for the public is obliged to depend on the 
claims backed by certification that the professionals 
are competent  to care for its problems." Of  course, 
the idea that the cardinal ethic of medicine is compe- 
tence is not mine originally. It was enunciated by Hip- 
pocrates, whose axiom, "benefit the patient and do no 
harm," clearly imposes a duty to know what interven- 
tions will be beneficial and under what circumstances 
they should be used. The  common assertion that Hip- 
pocrates was the father of Western medicine arises 
from the spirit of investigation into the course of dis- 
ease and the effects of treatment that he fostered, a 
spirit of investigation motivated by the ethical imper- 
ative to benefit the patient and do no harm. 

It took more than two millennia for that spirit to be 
converted into the science of medicine as we know it 
today, based on an empirical anatomy, physiology, and 
epidemiology. During the intervening centuries, when 
the practice of medicine was carefully monitored by 
the Catholic church, physicians and surgeons were 
taught that they would incur the penalties of mortal 
sin if they practiced without requisite knowledge and 
experience. Tha t  knowledge was found in the books 
of Hippocrates, Galen, Avecinna, and Maimonides. 
Tha t  experience was gleaned from the collected ob- 
servations of practitioners and was often random and 
unverified. During the nineteenth century, knowledge 
moved from philosophical speculation to a juxtaposi- 
tion with systematized, verified observation, and thus 
modern medicine and surgery came into being. It was 
at the end of the nineteenth century and the beginning 
of the twentieth that Richard Cabot, Professor of 
Medicine at Harvard University, began to emphasize 
competence as the cardinal ethic. Chester Burns, 3 an 
historian of medicine, writes of Cabot: 

By the fourth decade of the 20th century, the American 
medical conscience had been reshaped. The all-purpose 
general practitioner of the 19th--a Christian gentleman of 
intrinsic goodness, law abiding and loyal to the codified 
roles of professional society--had been replaced by a new 
group of specialist practitioners.., rooted in experimental 
science and elaborate methods of clinical evaluation and pat- 
terns of clinical care...What counted for Dr. Cabot was 
whether a practitioner understood specific diseases, their 



Vol. 1, No. 2 
1997 Surgical Competence in the Era of Managed Care 103 

causes, signs, symptoms, courses, prognoses, treatments-- 
and whether each practitioner applied this understanding in 
the assessment and management of each individual padent. 

We have come to take Cabot's view for granted. 
This  is merely good medicine. We have come to use 
the term "ethics" for another  set of  issues--that  is, 
whether  patients are informed of their options and 
choose their own treatment, whether confidentiality is 
kept, and whether  providers are compassionate and 
humane.  But in Cabot's view, however impor tant  
these features are--and he considered them very im- 
p o r t a n t - t h e y  are secondary to the cardinal ethical 
duty, which is competence. I describe this as the ethic 
of Cabotean competence. Dr. Way's Presidential Ad- 
dress was subtitled "Technology and Competence,"  
and he spoke of  the duty to master the emerging tech- 
nologies of surgery and of the problems faced by 
training programs in imparting sufficient knowledge, 
skill, and experience to fulfill the public pledge of 
competence that certification holds out to the public. 

Today we are at a frontier where Cabot's ethic of 
competence, now a century old, needs to be reevalu- 
ated and perhaps even expanded. We are all only too 
well aware of the rapid, extensive shifts in the finan- 
cial, organizational, and managerial aspects of health 
care. We are all familiar with the dramatic scientific 
and technologic advances, ranging from molecular bi- 
ology to cybernetics, that are speeding medical and 
surgical knowledge into the twenty-first century. We 
now know that the devices which allow for direct vi- 
sualization and lessen the degree ofinvasiveness have 
and are continuing to transform surgery at its very 
core. Cabotean competence would call for an ever- 
increasing mastery of these advanced technologic and 
scientific skills, used to their highest and best capacity, 
regardless of the financial, organizational, and man- 
agerial system in which the surgeon works. (Actually 
Cabot  was quite sensitive to these aspects, but  the 
concept of competence that we inherit from him sets 
them aside.) Indeed, in actual fact, today's surgeons 
are probably the most  technically competent  doctors 
in history. Yet we all know how problematic it is to 
competently utilize the emerging technologies within 
these new systems. T h e  systems have changed the 
flow of patients, controlled acquisition of, and access 
to, new technology, and reshaped training and re- 
search oppor tun i t i e s - - somet imes  in manifest  but 
other times in subtle ways. How is Cabotean compe- 
tence possible in the new world of health care? 

I will not  describe this new world to you. You who 
must  work in it know it better than I. I will not  at- 
t empt  to dictate how the new surgical science and 
modalities will fit into that  new world; you are the 

ones who must  discover that. I will only propose an 
ethic, a revision or expansion of  the Cabotean ethic 
of competence, that I believe must  guide the move- 
ment  of surgical practice into the new structures of 
health care. An ethic is not a plan of action; rather it is 
a hope that  guides the search for the best action 
among alternatives--a hope by which those who 
search oblige themselves not to settle for merely sat- 
isfying their self-interests. 

The  expansion of Cabotean competence that I en- 
vision might best be explained by a brief excursion into 
etymology. The  word "competence" comes from the 
Latin verb, "competere," which means "to compete," 
as in a race or a game. The  competent person is one 
who can keep up, who has the ability to run the course 
from start to finish. Our  modern  not ion of compe- 
tence has lost some of this competitive sense, but it can 
still be felt in the intense demands of training and in 
the stress of certification examinations. However, the 
Latin word has a deeper meaning; it literally means "to 
seek together." Those who compete in a race all seek 
the gold, not cooperatively of course, but all must run 
together on the same track. Now, seeking together can 
also mean collaboration, wherein several parties bring 
their respective energy and skill to the task. I maintain 
that the surgical competence of the future must be ex- 
panded from individual mastery of technique to col- 
laborative development and control of the modalities 
proper to surgery. The  ethic beyond Cabotean com- 
petence is collaborative care. 

Medical and surgical competence has always been 
essentially an individual virtue. Each surgeon must  
master the intellectual moves needed to plan an op- 
eration that is, the physical maneuvers necessary to 
excise a tumor, transplant an organ, revise anatomic 
structure, or incise and suture--and each must  also 
safely manage the postoperative course. Each surgeon 
is judged more or less competent in each of the phases 
of  surgical work. Fur thermore,  not  only is compe- 
tence an individual virtue, but surgical practice is es- 
sentially an individual activity. Certainly surgeons 
consult  with one ano ther  concern ing  their  cases; 
several surgeons can collaborate on a single case and 
the outcomes of cases can be collectively criticized. 
Still, surgery, like almost all of m o d e m  medicine, is 
the work of individual physicians responsible for their 
own patients. In general, American medicine has not  
been a collaborative enterprise. Certain enclaves, such 
as university departments, research teams, and long- 
established staff model HMOs,  have developed col- 
laborative conventions, but for the most  part physi- 
cians and surgeons work alone. 

The  ethic of collaboration must  succeed or supple- 
ment  the ethic of competence. Unquestionably, many 
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of the emerging financial, organizational, and man- 
agerial innovations in health care are forcing physi- 
cians and surgeons into collectivities of one sort or 
another, corralling practitioners into foreign and of- 
ten onerous, odious arrangements. Also, some prac- 
titioners are discovering ways of cooperating for their 
own profit. I am not  speaking of these factual forms of 
collaboration. Rather, my collaboration is an ethic--  
that is, a hope of finding ways to benefit  patients 
without causing them harm within the new structures 
of finance, organization, and management.  

This  collaboration must  take several forms. The  
first, and most  obvious, is one that is already occur- 
ring, namely, the collection and analysis of surgical 
outcomes in the most  sophisticated manner  and the 
use of that analysis to distinguish more clearly than 
ever before the effective f rom the ineffective, the 
promising from the deceptive. Much work is being 
done on this form of collaboration, to define out- 
comes more clearly and fully, to collect requisite data, 
and to disseminate results. Much more needs to be 
done to encourage innovators, who are always eager 
to push ahead, to enter the slower, more precise world 
of technology assessment. A similar form of collabo- 
ration, the systems of surveillance and prevention of 
surgical error and iatrogenic complications, is also be- 
coming familiar in the surgical world and must con- 
tinue to be perfected. 

Beyond these joint efforts, other much more diffi- 
cult and unfamiliar collaborations must  be effected. 
T h e  constant interchange of information and tech- 
nique between surgical subspecialists and general sur- 
geons, and between surgeons and other specialties, is 
an ethical imperative that must fight against long-in- 
grained insularity and self-interest. T h e  specialties 
and subspecialties of American medicine have, for a 
century, been continents of independent nation states, 
each founded on the biologic constitution of an organ 
system and possessing an armory of its own inven- 
tions. Unquestionably, specialization has advanced 
science and practice. Still, its progress has been won 
by battles over new inventions and new "nations" 
have arisen, such as cardiothoracic surgery and inter- 
ventional radiology, to take possession of the organ 
system of an older nation. The  growing realization 
that technology transcends limited uses and can be 
molded to suit many purposes requires a new mental- 
ity, not  only a truce but  a common  market  and a 
union. T h e  collaboration of practitioners and re- 
searchers from all segments is demanded not only by 
the constant deconstruction of artificial barriers be- 
tween the sciences but  for the benefit  of patients 
whose conditions can be unders tood and managed 
only with a variety of skills and tools. The  undesirable 
consequences of the new managerial technique of 

"gatekeeping" will ultimately be avoided only when 
the so-called gatekeeper is consciously working within 
a collaborative environment  of specialists. Patients 
whose conditions are a pathophysiologic complex ca- 
pable of  being understood and managed by severat 
specialists must be considered as a single patient to be 
managed by a unified, collaborative, mutually sup- 
portive set of providers rather than being passed back 
and forth between rivals, as so often occurs today. 

A third form of collaboration must link physicians 
and surgeons from all specialties across the walls and 
moats of the myriad corporations that now establish 
and maintain the financial, organizational, and man- 
agerial aspects of health care. These corporations, by 
their very nature, will seek to weld their practitioners' 
loyalty to their corporate goals. Tha t  is the corporate 
ethic and it will invade the professional ethic. There  
must  be a transcorporational ethic of collaboration. 
All specialties, along with each of their own profes- 
sional associations, must  work to articulate and en- 
force standards of care and of training that the corpo- 
rations will honor. We have barely begun to find the 
means for this transcorporate collaboration of profes- 
sions. Still, there cannot be differing standards of care 
and competence under different corporate flags. 

Behind all of these collaborations dwells the real- 
ization that you, the physicians and surgeons, are the 
essential resource in health care. We have become so 
familiar with the phrase "delivery of health care" that 
we have almost forgotten that what is being delivered 
is you. Your diagnostic and therapeutic skills brought 
to the patient in real time is what health care is at its 
essence. The  managers can set up clinics, provide in- 
formation, buy practices, and bill patients, but they 
cannot deliver care. You can and they must  use you. 
My ethic of competence and collaboration says that 
you must  allow yourselves to be "delivered" only as 
instruments of medicine and surgery of quality and 
only as agents of an ethic of service to the sick. There  
are dangers in these sorts of collaborations. Collabo- 
ration can become monopoly. The  "watchdogs" of the 
Federal Trade Commission will often bark, smelling 
money even beneath ethics. Still, there is a long and 
powerful tradition of professional autonomy in tech- 
nical matters that can and must  be continually as- 
serted. Its assertion requires, however, that even that 
autonomy be executed within the collaborative activ- 
ities of clinical studies and technology assessment. 

This, then, is the ethic of collaboration that must  
complement the ethic of competence. I am not simply 
urging that technically competent  surgeons commu- 
nicate better with one another and with various other 
persons. I am suggesting that the very definition of 
surgical competence be expanded to include collabo- 
r a t i o n - t h a t  is, surgeons must not only attain the in- 
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tellectual and manual skills for their tasks, but they 
must also build around themselves the collaborative 
activities that will make possible the most efficient ex- 
ecution of those tasks in the new environments. [ have 
no doubt that economic and political forces will make 
this difficult to achieve; I have no doubt that the in- 
grained insularity of the specialties will make it slow 
to come about, and I have no doubt that the intrinsic 
difficulty of knowing when collaboration will be fruit- 
ful will make even the most committed persons hesi- 
tate. Finally, I imagine that many view these propos- 
als as unrealistic and unrealizable. Still, it seems to me 
that unless competence is expanded into competent 
collaboration, the most ancient and honorable ethic 
of medicine and surgery--that the sick be helped and 
not  harmed will be lost in the complex evolving 
world of science and technology, finance, and busi- 
ness and management. 

In modem medicine the care of the patient takes 
place within our great fortresses of science and med- 
icine. There  are bastions of business, moats of man- 
agement, walls and gates of law and regulation that 

surround the care of the patient, and they are being 
amplified and fortified by the day. Perhaps the time 
may come when our great fortress of  science and 
medicine will be as empty and desolate as the Crac de 
Cheval ier- -not  so much in the physical sense but 
empty in the spiritual sense, for the spirit of  healing 
and caring for our "lords," the sick, will be gone. We 
might then ask indeed, we may ask now--"where is 
the infirmary.~" The  answer is and always has been, in 
Hippocratic times, in medieval medicine, and today, 
the infirmary is where competent medicine is prac- 
ticed and where the doors are open to the sick. And, 
in our times, competent, accessible medicine can exist 
only when collaboration is an ethical imperative. 
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Original Articles 

Diagnostic Value of CA 19-9 in Patients With 
Pancreatic Cancer and Nonspecific Gastrointestinal 
Symptoms 
Farouk Sail, M.D., VVolfgang Scblosser, M.D., Gem Kolb, M.D., 
Hans G. Beget, M.D., EA.C.S. 

Serum expression of the tumor marker CA 19-9 was studied in 2119 patients. The discriminating capac- 
ity between benign and malignant disease was high for CA 19-9, especially in patients with pancreatic can- 
cer (n = 347).The sensitivity of CA 19-9 was 85%. In patients who were Lewis blood type positive, the 
sensitivity increased to 92%. CA 19-9 levels were significantly lower in patients with resectable tumors 
(n = 126) than in those with unresectable tumors (n = 221, P <0.0001; sensitivity 74% vs. 90%). CA 19- 
9 levels dropped sharply after resection but normalized in only 29%, 13%, and 10% of patients with 
stage I, II, and Ili tumors, respectively. In unresectable tumors no significant decrease in CA 19-9 levels 
after laparotomy or bypass surgery was found. Among patients with the same tumor stage, the median 
survival time in those whose CA 19-9 levels returned to normal after resection was significantly longer 
than in those who had postoperative CA 19-9 levels that decreased but did not return to normal (stage I, 
33 months vs. 11.3 months; stage II, 41 months vs. 8.6 months; and stage IH, 28 months vs. 10.8 months). 
In patients with recurrent disease, 88% had an obvious increase in CA 19-9 levels. CA 19-9 measurement 
is a simple test that can be used for diagnosis, for evaluation of resectability, and for prediction of survival 
after surgery and recurrences. 0 GASTROINTEST SURG 1997;106-112.) 

T h e  incidence of  pancreat ic  cancer  has increased 
dur ing the  past  three  decades. T h e  clinical picture of  
pancreat ic  cancer  can mimic  a n u m b e r  of  o ther  non-  
mal ignant  gastrointest inal  diseases. Because there are 
no  specific symptoms,  especially in the  early stage, 
only about  5% to 10% of  pancreat ic  cancers can be 
resected curatively. 1 

Mouoclonal  ant ibody 1116-NS- 19-9 (19-9 Ab) was 
obtained after immuniza t ion  of  mice wi th  h u m a n  co- 
lorectal adenocarc inoma cell l ines3 T h e  ant ibody re-  
acts with s ialyl- lactu-N-fuopentaose,  cor responding  
to sialylated blood group ant igen Lewis' .  TM Elevated 
serum CA 19-9 levels are found in a h igh  propor t ion  
of  patients with gastrointest inal  malignancies,  partic- 
ularly in those with pancreatic cancer, s T h e  purpose 
of  this investigation was to de termine  the sensitivity 
and specificity of  the assay in diagnosing cancer of  the  
pancreas, to predict  resectability rares, and to examine 
the utility of  de te rmin ing  serum CA 19-9 levels as a 

prognostic indicator and as a test for recurrent  disease 
in o rder  to m o n i t o r  pa t ien ts  who  have u n d e r g o n e  
t rea tment  of  pancreatic carcinoma. 

S T U D Y  G R O U P S  
P a t i e n t s  

Cancer of  the Pancreas. A total of  347 consecutive 
pat ients  wi th  b iopsy-proved adenocarc inoma of  the  
pancreas, referred to the First  Surgical Clinic  of  U l m  
University, served as the  study group. Serum was ob- 
tained f rom these pat ients  on  postoperat ive days I, 3, 
6, 9, and 12, before any definitive therapy was insti- 
tu ted,  and m o n t h l y  the rea f t e r  in  pa t ien ts  wi th  re-  
sectable tumors  only. Resection of  the  carcinoma was 
per formed in 126 patients; of  these patients,  45, 10, 
58, and 13 showed stage I, II, III, and IV  disease, re- 
spectively ( T N M  classification). 6 In the  pat ients  with 
resected adenocarcinoma,  addit ional follow-up stud- 
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ies included routine clinical examination with chemi- 
cal and pharmacologic profiles and C T  scan 3 months 
after the operation. If the tumor marker CA 19-9 was 
found to be increased on follow-up, a search for a 
metastatic source was conducted independent of the 
follow-up procedures. 

Control Subjects 

Benign Pancreatic Diseases. On admission to the 
hospital, serum was obtained from 300 patients with 
chronic alcoholic pancreatitis (diagnosed on the basis 
of endoscopic retrograde cholangiopancreatography, 
C T  scan, and laboratory and pancreas function tests). 
All of these patients were followed up after they had 
received the appropriate therapy for 6 to 12 months. 

Nonpancreatic Benign Disorders and Healthy 
Persons. Serum from 786 patients with benign dis- 
eases treated surgically was obtained for determina- 
tion of CA 19-9 values. Among these patients 55 had 
bilirubin levels greater than 2 mg/dl. The  diagnosis 
of benign jaundice was based on a review of their hos- 
pital records after discharge. Serum was also obtained 
from 691 patients with extrapancreatic malignant dis- 
eases (i.e., gastrointestinal malignancies not including 
the pancreas). 

METHODS 
Assay 

Serum samples were stored at - 2 0  ~ to - 7 0  ~ C, 
and these specimens were then assayed within 1 week. 
The  CA 19-9 concentration was determined by 
a solid phase radioimmunoassay (Centocor, Inc., 
Malvern, Pa.). A value of 37 U/ml was used as the up- 
per limit of normal. One unit of CA 19-9 antigen cor- 
responds to 0.8 ng/ml of pure antigen. 7 Serum carci- 
noembryonic antigen (CEA) values in patients with 
pancreatic cancer were estimated by means of an en- 
zyme immunoassay (Isotopen Diagnostic Dreieich, 
Federal Republic of Germany) using a cutoffvalue for 
CEA of 3 ng/ml. 

Statistics 

Actual survival curves were constructed using the 
methods of Kaplan and Meier, s and statistical com- 
parisons were performed according to the Mantel- 
Haensel procedure. 9 Determinations of the statistical 
significance of comparisons of ratios were calculated 
using the chi-square test) ~ 

Sensitivity was defined as the number of patients 
with cancer of the pancreas with an elevated assay di- 
vided by the total number of patients with cancer of 
the pancreas. Specificity was defined as the number of 
control subjects with a nonelevated assay divided by 
the total number of control subjects. 

R E S U L T S  
Diagnostic Value of CA 19-9 

The sensitivity of CA 19-9 in patients with pancre- 
atic carcinoma and benign diseases is shown in Table I. 
An elevated CA 19-9 level was found in 296 (86%) of 
the 347 patients with pancreatic carcinoma. The  me- 
dian assay value of these patients was 288 U/ml (range 
6.9 to 70.000 U/ml). Elevated CEA values were found 
in 64% of the patients. The difference in the sensitiv- 
ity of CA 19-9 and CEA was significant (P <0.0001). 
By taking a CA 19-9 normal limit value of 37 U/ml, it 
was possible to determine a specificity of 87%. 

Simultaneous estimation of serum CA 19-9 and 
bilirubin concentrations was conducted preoperatively 
in 249 patients with pancreatic carcinoma; 121 pa- 
tients showed jaundice preoperatively. It is interesting 
to note that the sensitivity of CA 19-9 was unaffected 
by serum bilirubin levels (Table II). Twenty-four 
(38%) of the additional 55 patients with benign jaun- 
dice had elevated CA 19-9 levels (false positive value). 

Correlation Between CA 19-9 Level and 
Tumor Stage or Resectability 

The sensitivity of CA 19-9 in patients with resected 
pancreatic carcinoma (n = 126) was 77% and in pa- 
tients with unresectable pancreatic carcinoma, 90% 

Table I. CA 19-9 assay values in pancreatic carcinoma and control groups 

Pancreatic Chronic Extrapancreatic 
carcinoma pancreatitis malignancies CA I9-9 

(U/ml) No. % No. % No. % 

Benign disease 

No. % 

6-37 51 14 252 14 488 71 699 89 
38-120 54 16 40 13 100 14 81 10 
>120 242 70 8 3 103 15 6 1 
TOTAL 347 300 691 786 
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Table H. Relationship between preoperative CA 19-9 and serum bilirubin levels 

Preoperative CA 19-9 levels 

>37 U/ml >120 U/m1 Serum bilirubin 
level No. No. % No. % Median (range) 

Normal 108 93 87 73 68 405 (7-28,900) 
Elevated 121 104 86 90 74 503 (7-20,000) 

Table III. Sensitivity of CA 19-9 and CEA in pancreatic carcinoma 

CA 19-9 (>37 U/ml) 

Tumor No. % Median (range) No. 

CEA (>3 ng/ml) 

% Median (range) 

Stage I (n = 45) 29 64 68 (9.0-3.018) 22 
Stage II (n = 10) 8 80 72 (8.4-5.000) 5 
Stage HI (n = 58) 47 81 210 (2-7.496) 29 
Stage IV (n = 13) 13 100 412 (49.6-14.600) 9 
Resectable (n = 126) 97 77 152 (2-14.600) 68 
Local inoperable (n = 104) 93 89 387 (7.3-20.000) 65 
Local inoperable and 106 90 670 (2-70.000) 89 

distant metastases (n = 117) 
Nonresectable (n = 221) 199 90 512 (2-70.000) 166 

49 2.5 (0.7-26.5) 
50 2.5 (1.0-12.6) 
50 2.9 (1.1-1.500) 
69 5.7 (0.6-40.8) 
54 3.4 (0.6-1.500) 
62 4.6 (1.4-341) 
76 6.8 (0.7-1.011) 

75 5.8 (0.7-1.011) 

CE = carcinoembryonic antigen. 

(n = 221). The median serum CA 19-9 levels for these 
two groups were 152 U/ml  (range 6.9 t o  14.600 
U/ml) and 512 U/ml  (range 6.9 to 17.000 U/ml), re- 
spectively. The  difference in sensitivity was statisti- 
cally significant (P <0.01) (Table HI). Elevated serum 
CEA levels were found in 54% of patients with re- 
sectable and in 75% of those with nonresectable tu- 
mors. Median CEA values for these two were 3.4 
ng/ml (range 0.6 to 1.500 ng/ml) and 5.8 ng/ml 
(range 0.7 to 1.011 ng/ml), respectively. The  CA 19- 
9 value in the 126 patients with resected adenocarci- 
noma of  the pancreas was estimated in accordance 
with T N M  tumor stages. More patients showed ele- 
vation of CEA and CA 19-9-serum levels if the tumor 
stage was increased (Table III). 

Resectability of  Pancreatic Cancer 
Depending on Pretreatment Serum 
CA 19-9 Level 

Pretreatment values ranged from greater than 37 
to less than 400 U/ml  in 139 patients; 41% had re- 
sectable disease. The pretreatment CA 19-9 values ex- 
ceeded 400 U/ml in 157 patients and only 18% had 
resectable disease (P _0.0001). Table IV shows the re- 

sectability rate depending on the preoperative CA 19- 
9 value; 68% of patients with resectable disease 
showed preoperative values less than 400 U/ml  and 
32% of the same patients had values greater than 400 
U/ml. Among patients with nonresectable disease or 
distant metastases, 39% had CA 19-9 values less than 
400 U/ml  and 61% had values greater than 400 U/ml 
(P <0.0001). 

Response to Tumor Resection: Prediction 
o f  Survival 

One hundred twenty-six out of  347 patients un- 
derwent a standard resection including 13 patients 
who also had a partial hepatectomy (stage IV disease). 
Among the 113 patients with stage I, II, and III dis- 
ease, 84 of them showed preoperative pathologic CA 
19-9 values. In only 14 of the 84 patients who under- 
went surgical resection of the carcinoma (9 in tumor 
stage I, 1 in tumor stage II, and 4 in tumor stage III) 
did the CA 19-9 levels fall to within the normal range. 
Among patients in the same tumor stage, in whom 
CA 19-9 levels had returned to normal, CA 19-9 lev- 
els after definitive treatment were associated with 
a longer period of survival than those with CA 19-9 
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Table IV. Resectability in pancreatic cancer (pretreatment CA 19-9 serum levels) 

Serum levels of CA 19-9 (U/re_l) 

<120 >120 <200 >200 <300 >300 <400 >400 <500 >500 <600 >600 <700 >700 

Resectabledisease 44% 25% 43% 23% 41% 21% 41% 18% 39% 17% 38% 16% 37% 16% 
Nonresectable 56% 75% 57% 77% 59% 79% 59% 82% 61% 83% 62% 84% 63% 84% 

tumor or with 
distant metastases 

Table V. Survival depending on postoperative CA 19-9 values in patients with resectable tumors 
(stages I, II, and III) 

Postoperative Median survival time 
Tumor stage CA 19-9 (U/ml) No. (mo) P value 

I >37 20 11.3 0.003 
<37* 9 32.9 

II >37 7 8.6 0.1 
<37* I 41 

HI >37 43 10.8 0.03 
<37* 4 28.2 

TOTAL (I, II, and III) >37 70 10.9 0.0001 
<37* 14 32.2 

*Normalization of CA 19-9 serum levels as found 4 weeks (median) postoperatively (range 1 to 13 weeks). 

Table VI. Survival depending on preoperative CA 19-9 levels in patients with resected carcinomas 

Preoperative CA 19-9 Postoperative survival time (mo) 
level CLI/ml) No. Median Range P value 

<400 89 17.3 6-104 0.0001 
>400 37 7.1 6-25 
<400 61" 18.1 7-60 0.001 

>400 35* 7.1 6-25 

*Only patients with preoperative CA 19-9 values >37 U/ml. 

levels that  never re turned to normal  (Table V; P 
<0.05). In patients with unresectable tumors (n = 221) 
and those with stage IV disease (n = 13), no signifi- 
cant changes in CA 19-9 levels were found after 
surgery. 

Pretreatment Serum CA 19-9 Levels in 
Patients With Resectable Disease Correlated 
W i t h  Survival  

O f  the 126 patients with resectable adenocarci- 
noma (stages I to IV), 89 had preoperative values less 
than 400 U/ml  (group I) and 37 patients had values 
greater than 400 U/ml  (group II). The  median sur- 

vival time was 17.3 and 7.1 months in groups I and II, 
respectively (Table VI). 

Response o f  C A  19-9 to  R e c u r r e n c e  
o r  Metastasis 

One hundred sixteen of the 126 patients were al- 
located to a follow-up program. In I 13 of these 116 
patients, distant metastases or local recurrences sub- 
sequently appeared within the median follow-up time 
of 12 to 28 weeks (Table VII). A secondary elevation 
of the CA 19-9 level was detected in 90% of the pa- 
tients who had recurrences. Secondary elevation of 
the tumor  marker  preceded changes that  were de- 
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Table VII. Recurrence of pancreatic carcinoma and CA 19-9 values 

Recurrence No Recurrence Diagnosis of CA 19-9 Lead time of  
follow-up free recurrence increase CA 19-9 

Tumor stage No. % (No.) (No.) Wk postop Range No. % Wk Range 

I (n = 45) 41/42 98 3 1 28 8-168 29/33* 88 20 6-56 
II (n = 10) 8/9 89 1 1 28 8-44 5/5* 100 16 7-44 
III  (n = 58) 51/52 98 6 1 24 4-64 37/42* 88 4 9-49 
I V ( n  = 13) 13/13 100 0 0 12 4-20 10/10 100 5 1-10 

TOTAL (n = 126) 113/116 97 10 3 81/90 89 

*In eight, three, and nine patients with stage I, II, and HI ~nors ,  respectively, and an additional three patients, CA 19-9 values were not measured 
at the time of diagnosis of recurrence. 

tectable on C T  scan or clinical examination by a me- 
dian time ranging from 4 to 20 weeks (Table VII). 

DISCUSSION 

The  diagnosis of cancer of the pancreas can be ex- 
pensive and invasive. Accurate and efficient diagnosis 
of pancreatic cancer continues to be a difficult clinical 
challenge. Although various diagnostic imaging tools 
may be useful, all are limited in their specificity and 
sensitivity, and they involve considerable expense. Re- 
cent studies 4,H have shown that pancreatic cancer is 
associated with the appearance of glycoconjugates 
bearing a sialylated derivative of a Lewis (Le) blood 
group determinant. Studies confirm that neither the 
Le a antigen nor CA 19-9 can be synthesized in Le ~a-b-) 
subjects because of the lack of fucosytransferase. 12 A 
sensitive and specific marker of pancreatic carcinoma 
may be used as follows: (1) for diagnostic screening of 
high-risk patient populations with nonspecific signs 
or symptoms, possibly resulting from pancreatic car- 
cinoma; (2) as an aid in deciding whether or not to re- 
sect the pancreas in patients with a pancreatic mass, 
if a tissue diagnosis cannot be made before resection; 
or (3) as an aid in evaluating the efficacy of a particu- 
lar treatment, if the marker level reflects overall tu- 
mor  burden. Additionally, if high levels correlate with 
large tumor burdens, assay of a serum marker may aid 
in selecting of patients with pancreatic cancer who 
may be candidates for surgical exploration. 

In clinical studies the accuracy of ribonuclease, fer- 
ritin, lactoferrin, various gastrointestinal hormones,  
and pancreatic oncofetal antigens, as well as the al- 
pha-fetoprotein, have been evaluated in the diagnosis 
of pancreatic carcinoma. 13,14 Thus  far, none  of the 
above-mentioned markers has proved to be specific 
for pancreatic carcinoma. 5 CEA levels have been stud- 
ied, but there have been many reports of problems 
with the sensitivity and specificity of the CEA assay 
in detecting cancer of the pancreas. Is Using a refer- 

ence cutoff of 3 ng/ml for CEA, sensitivities of 36% 
to 80% and specificities of 58% to 95% have been re- 
ported. We have confirmed these difficulties with 
CEA in this study, showing that the sensitivity of CEA 
at 3 ng/ml is 64% and that the difference in the sen- 
sitivity between the two markers, CEA and CA 19-9, 
is statistically significant (P <0.05). 

Another possible serum marker for pancreatic carci- 
noma, DU-PAN-2, seems to be promising. 16 Elevated 
serum levels have been found in nearly 95% of patients 
with pancreatic carcinoma who have been tested. In an- 
other report sensitivities of 64%, 68%, and 84% were 
found. 17-19 The  ras gene mutation was found in periph- 
eral blood in two of six patients, 2~ in 7 (70%) of 10 
frozen pancreatic tissue specimens, 21 in seven of nine 
pancreatic cancer tissue specimens, 22 and in 67% of 
pancreatic juice specimens, 23 and in stool specimens 
from 6 of 11 patients with pancreatic adenocarcinoma. 
Until now the CA 19-9 assay appears to have shown 
more promise as a simple diagnostic test than the 
above-mentioned markers. Numerous  investigators 
have reported on the utility of CA 19-9 in early and dif- 
ferential diagnosis of pancreatic adenocarcinoma. The  
sensitivity (69% to 93 %) and specificity (78% to 98%) 
reported in our clinic and various series were quite en- 
couraging. 24 The  difference in sensitivity in various 
publications is due to the fact that patients with pancre- 
atic cancer vary from one series to another with regard 
to tumor stage (i.e., a series with more patients in ad- 
vanced stages shows a higher sensitivity than a series 
with more patients in early stages). We would, there- 
fore, advocate the use of an internationally uniform cut- 
offvalue; furthermore, the sensitivity should always be 
reported as it relates to tumor stage. The  sensitivity of 
the CA 19-9 assay was not dependent on clinical signs 
(especially in patients with jaundice) and symptoms; it 
was only dependent on tumor mass and stage. 

T h e  CA 19-9 serum level is elevated not  only in 
patients with pancreatic cancer, but also in patients 
with extrapancreatic malignancies and in some pa- 
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tients with benign diseases. Therefore the assay for 
CA 19-9 is neither 100% sensitive, especially for early 
tumor stage, nor specific for pancreatic cancer. 25 

One of the important factors limiting the sensitiv- 
ity of the serum CA 19-9 assay is that subjects with 
the Le blood group hardly ever produce CA 19-9 
antigen. 26 In the Le-positive group, 92% of patients 
with pancreatic cancer showed pathologic levels of 
CA 19-9 preoperatively and in 95% of patients with 
recurrences after resection of the carcinoma, elevated 
levels of the marker were found. 

The current study was undertaken to examine the 
utility of the CA 19-9 assay level correlated with re- 
sectability, prognosis, and detection of recurrences. 
Our data for the 347 patients indicate that higher lev- 
els of serum CA 19-9 correlated with larger tumor 
size and advanced tumor stage, even though much 
overlap existed. Median pretreatment values for CA 
19-9 were found to increase from stage I to stage IV 
and from resectable to nonresectable tumors. This 
supports the concept that CA 19-9 levels can be used 
as an indicator of tumor burden. Also, relatively high 
pretreatment levels of CA 19-9 (300 U/ml or more) 
indicate that 80% of the carcinomas are not re- 
sectable. Although only slightly elevated, CA 19-9 
levels can reflect a better prognosis, even in resectable 
carcinomas (median survival time in patients with a 
CA i9-9 level of less than 400 U/ml was 17.3 months; 
for levels greater than 400 U/ml, the median survival 
was 7.1 months). 

Such slightly elevated values require that other di- 
agnostic means be used to rule out nonmalignant dis- 
eases of the pancreas or biliary tract. Our data also 
show that the higher the level of CA 19-9, the greater 
its specificity. In addition, a high CA 19-9 level sug- 
gests not only the nonresectability of the tumor but 
also, in patients with resectable disease, a poor prog- 
nosis and short postoperative survival time (Table VI). 

In our opinion the treatment of choice in the fol- 
low-up of patients with pancreatic cancer is monthly 
measurement of tumor markers plus clinical examina- 
tion. An imaging procedure should not be used ini- 
tially. In patients who have not undergone resection, 
tracking the marker values may help to assess the ef- 
fectiveness of systemic or radiation therapy. In pa- 
ten ts  who have had resections, the marker pattern 
may initially predict the prognosis and later on may 
signal a relapse. An imaging procedure should be used 
only if symptoms appear and if the marker values rise 
or if a relapse is suspected. 

Based on our observation of 84 resectable patients 
with pathologic preoperative CA 19-9 levels, a com- 
parison of preoperative and postoperative serum CA 
19-9 levels could provide information about the effec- 
tiveness of the operative resection. Each of the 84 pa- 

tients who had their tumors removed had a sharp de- 
crease in the serum concentration of CA 19-9. Postop- 
erative normalization of the marker values was found 
in 9 of 29 patients with stage I tumors, in one of eight 
with stage II tumors, and in 4 of 47 with stage ]/I tu- 
mors. Only in the 16.6% (14 of 84) of resectable pa- 
tients with preoperatively pathologic CA 19'9 values, 
that is, in 4.7% of the entire group of patients with 
pancreatic cancer, could normalization of the marker 
values be found. Furthermore, the survival times in the 
14 patients whose postoperative CA 19~9 levels 
dropped to the normal range were significantly longer 
than in the remaining patients with persistently ele- 
vated CA 19-9 levels for the same tumor stage (Table 
V). This suggests that a persistently elevated postoper- 
ative serum CA 19-9 level reflects the presence of a 
"critical volume" of cancer. These results may confirm 
that such resections are only palliative and would sug- 
gest that all patients whose postoperative CA 19-9 lev- 
els remain elevated should be treated with adjuvant im- 
munotherapy or chemotherapy, if such a practicable 
and efficient therapy were to be developed. 

In contrast simple laparotomy and biopsy or bypass 
operation, without resection of the tumor, resulted in 
no significant change in CA 19-9 levels; after biliary 
decompression, however, serum CA 19-9 levels de- 
crease for a short time, presumably as a result of im- 
proved hepatic function rather than from any regres- 
sion of the cancer. 28 Following the decrease in the CA 
19-9 level after resection, a secondary rise strongly 
suggests that a clinically significant metastatic local 
recurrence is involved. Of the 126 patients with re- 
sectable tumors, 116 were followed up; 113 patients 
developed metastatic local recurrences and 89% of 
them showed a secondary elevation in CA 19-9 be- 
fore the lesions were visible on C T  scan. The  lead 
time of CA 19-9 ranged from 1 to 56 weeks. 

Today, therefore, we believe there is evidence to 
support the following uses of serum CA 19-9 determi- 
nations: (1) as an adjunct in the diagnosis of patients 
with suspected pancreatic carcinoma, (2) as an adjunct 
in selecting candidates for surgical exploration to eval- 
uate tumor resectability, (3) as an indicator for adju- 
vant therapy in patients with resectable rumors, (4) as 
a prognostic indicator before and after surgery, and (5) 
as a predictor of recurrences after surgical resection 
before these recurrences become clinically apparent. 
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Short-Segment Barrett's Esophagus: A Prevalent 
Complication of Gastroesophageal Reflux Disease 
With Malignant Potential 
Geoffrey W..B. Clark, ER.C.S. (Ea), Adrian P Ireland, ER.C.S. (I), y~frey H. Peters, M.D., 
Para Cbandrasoma, M.D., Tom R. DeMeester, M.D., Cedric G. Bremner, ER.C.S. 

The significance of finding specialized intestinal epithelium localized to the region of the gastro- 
esophageal junction is unclear. We tested the hypothesis that short segments of specialized intestinal epi- 
thelium are a consequence of gastroesophageal reflux disease and are premalignant. Two hundred forty- 
one patients with reflux symptoms underwent gastroscopy with rigorous biopsy. Barrett's esophagus was 
diagnosed when specialized intestinal epithelium was present on biopsy. Patients with Barrett's esopha- 
gus were subdivided according to the length of Barrett's mucosa" short-segment Barrett's (<3 cm) and 
extended Barrett's (---3 cm). Esophageal function was evaluated by manometry and 24-hour pH monitor- 
ing. In another 16 patients with small noncircumferential adenocarcinomas, the endoscopic length of 
Barrett's mucosa was recorded. Thirty-three patients (14%) had short-segment Barrett's and 37 (15%) had 
extended Barrett's esophagus. Patients with short-segment Barrett's esophagus had significantly more 
acid exposure than patients without specialized intestinal epithelium. Eighty-one percent of patients with 
short-segment Barrett's esophagus had increased esophageal acid exposure as did 100% of those with ex- 
tended Barrett's esophagus. All lengths of Barrett's mucosa were associated with poor esophageal sphinc- 
ter function and reduced contraction amplitudes in the distal esophagus. Twelve percent of patients with 
short-segment Barrett's esophagus had dysplasia. The length of Barrett's mucosa was -<3 cm ifi 25% (4 of 
16) of patients with early Barrett's adenocarcinoma. Short-segment Barrett's esophagus is commonly as- 
sociated with gastroesophageal reflux disease. Further, short segments of specialized intestinal epithe- 
hum are premalignant in nature. (J GASTROINTEST SURG 1997;1:113-122.) 

It has been suggested that the normal distal esoph- 
agus may be lined with columnar mucosa for a dis- 
tance of  up to 2 cm, 1 placing the squamocolumnar 
junction within the lower esophagus. Barrett's esoph- 
agus, a premalignant condition, has traditionally been 
diagnosed when the columnar mucosa extends well 
into the esophagus, at least 3 cm proximal to the gas- 
troesophageal junction. This emphasis on endoscopic 
measurements has detracted attention from the im- 
portance of the histologic morphology of the colum- 
nar lining. Specifically, identification of the presence 
of specialized intestinal epithelium may be critical 
when considering a diagnosis of  Barrett's esophagus, 
since it is the epithelium most commonly associated 
with malignant change. 

Barrett's esophagus is a consequence of  gastro- 
esophageal reflux disease. 2-s Physiologic studies show 

that 90% of  patients have a mechanically defective 
lower esophageal sphincter and 93 % have abnormal 
esophageal acid exposure on pH monitoring. 3,5 It is 
unknown whether the presence of specialized intesti- 
nal epithelium in short segments of columnar mucosa 
(<3 cm) is also associated with similar pathophysio- 
logic abnormalities. 

We investigated the hypothesis that the diagnosis 
of  Barrett's esophagus should be determined by the 
presence of specialized intestinal epithelium on 
biopsy, regardless of the length of the columnar seg- 
ment present (i.e., <3 cm or _>3 cm). 

PATIENTS 

Between January 1991 and February 1995, a total 
of  241 consecutive patients who underwent  upper 
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gastrointestinal endoscopy for investigation of symp- 
toms suggestive of gastroesophageal reflux disease 
were studied prospectively. Patients with a.history of 
esophageal or gastric surgery were excluded because 
of the possibility that the operation had distorted the 
anatomy of the gastroesophageal junction. Patients 
with a named esophageal motor abnormality (i.e., 
achalasia or scleroderma) were also excluded. The pa- 
tients had multiple biopsies obtained from the lower 
esophagus according to the protocol outlined in the 
Methods section. Only patients whose biopsies 
showed columnar mucosa containing specialized in- 
testinal epithelium were classified as having Barrett's 
esophagus. The patients were grouped on the basis of 
their biopsy findings as follows: (1) patients with 
short-segment Barrett's esophagus that is, columnar 
lining <3 cm in length with specialized intestinal epi- 
thelium; (2) patients with extended Barrett's esopha- 
gus- tha t  is, a columnar lining _>3 cm in length with 
specialized intestinal epithelium; and (3) patients 
without Barrett's esophagus--that is, patients who did 
not have a columnar-lined esophagus or those with a 
columnar lining but without specialized intestinal epi- 
thelium regardless of the length of the esophagus. 

Of the 241 patients in the study population who un- 
derwent gastrosc0py, 211 volunteered for esophageal 
manometry and 204 had 24-hour esophageal pH mon- 
itoring. The findings on stationary manometry and 
24-hour pH monitoring were compared among the 
three groups and with similar observations made in 50 
healthy volunteers who served as control subjects. 

A second study of the length of Barrett's esophagus 
was undertaken in 16 patients with small Barrett's 
adenocarcinomas who underwent endoscopic exami- 
nation. The patients were drawn from a larger popu- 
lation of patients presenting with adenocarcinoma. 
The criterion for selection was a noncircumferential 
tumor measuring _<3 cm in length. It was thought that 
endoscopic measurement of the length of Barrett's 
mucosa would be most accurate in such patients. 

METHODS 
Stationary Manomet ry  

Stationary manometry was performed after an 
overnight fast using a single catheter assembly consist- 
ing of five polyethylene tubes bonded together with 
five lateral openings placed at 5 cm intervals from the 
distal end and oriented radially around the circumfer- 
ence. The catheter was perfused with distilled water at 
a constant rate of 0.6 ml/min using a pneumohydraulic 
low-compliance perfusion pump (Arndorfer Medical 
Specialties, Greendale, Wis.). The catheter was with- 
drawn at 1 cm intervals every 20 seconds and the poly- 
graph recordings from the five channels were analyzed 

by hand. Lower esophageal sphincter pressure was 
measured at the respiratory inversion point in a manner 
previously described 6 and resting sphincter pressure, 
overall length, and abdominal length were calculated 
from the mean of the five recordings. A structurally de- 
fective sphincter was defined as any one or more of the 
following: resting pressure <6 mm Hg, overall length 
<2 cm, or abdominal length <1 cm. 6 

Esophageal body function was assessed with the 
catheter positioned with the proximal opening 1 cm 
below the lower border of the upper esophageal 
sphincter and the other four openings trailing over 
the length of the esophageal body. The patients per- 
formed 10 wet swallows with 5 ml liquid boluses. The 
median amplitudes of contraction were determined at 
each of five levels in the esophageal body from the 10 
wet swallows. The presence of simultaneous waves 
was diagnosed when the rate of wave progression 
(from peak to peak) was greater than 20 cm/sec. 

24-Hour Esophageal pH Monitoring 
Esophageal pH monitoring was performed using a 

glass electrode (Ingold, Switzerland) placed 5 cm 
above the upper border of the manometricaUy defined 
lower esophageal sphincter. The subjects were in- 
structed to carry out their normal daily activities but 
to avoid strenuous exertion. During the day they were 
asked to remain in the upright position and were 
given a diet sheet indicating foods with a pH in the 
range of 5 to 7. The subjects were asked to note the 
times when they ate their meals, when they went to 
sleep, and when they arose the following morning. All 
medications known to interfere with gastrointestinal 
motility or secretion were discontinued for 48 hours 
prior to the study (omeprazole was stopped for 2 
weeks), and smoking and alcohol were prohibited 
during the recording period. The pH recordings were 
stored on a portable Digitrapper (Synectics Medical, 
Inc., Irving, Tex.) and downloaded to an IBM per- 
sonal computer for analysis. Esophageal acid exposure 
was analyzed by a computer program (Gastrosoft, 
Dallas, Tex.) using both a scoring system previously 
described by Johnson and DeMeester 7 and by record- 
ing the total percentage of time that was spent at pH 
<4. The composite score for pH <4 of 14.9 lies at the 
ninety-fifth percentile in normal subjects, and levels 
higher than this are indicative of abnormal esophageal 
acid exposure. The normal total percentage of time 
spent at pH <4 is less than 4.4%. 

Endoscopy 
Upper gastrointestinal endoscopy was performed 

in all patients by the senior author (T.R.D). The po- 
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sition of the crural impression (emphasized by asking 
the patient to sniff), the position of the anatomic gas- 
troesophageal junction (identified as the level where 
the more dilated stomach with vertically running ru- 
gal folds became the tubular esophagus with smooth 
mucosa), and the most proximal limit of the squamo- 
columnar junction were recorded. The presence of 
hiatal hernia was defined endoscopically when the dif- 
ference between the position of the crura and the gas- 
troesophageal junction was 3 cm or more. 

Biopsies were obtained from the white squamous 
epithelium of the distal esophagus in all subjects. Biop- 
sies were also obtained from columnar epithelium in 
one of two ways: (1) In patients with macroscopic evi- 
dence of columnar mucosa in the esophagus, biopsies 
were obtained from the four quadrants of the esophagus 
every 2 cm along the visual length of the columnar mu- 
cosa, and (2) in patients with no obvious columnar lin- 
ing in the lower esophagus, three biopsies were taken 
during a retroflex view from a location 1 cm below the 
squamocolumnar junction. The location of each biopsy 
was recorded as the distance from the incisors. The 
presence of specialized intestinal epithelium on biopsy 
confirmed the diagnosis of Barrett's esophagus. The 
length of the Barrett's mucosa was the difference be- 
tween the location of the gastroesophageal junction and 
the location of the highest biopsy containing specialized 
intestinal epithelium. Columnar mucosa that extended 
more than 3 cm above the gastroesophageal junction 
but did not contain specialized intestinal epithelium on 
biopsy was not considered to be Barrett's mucosa for the 
purpose of this study. 

Esophagitis was graded according to Savary-Mdller 
criteria. Grade I was not considered to represent 
esophagitis. An esophageal stricture was identified by 
the inability to pass a 12 rum diameter endoscope with 
ease. 

Complications 

Complications arising in patients with Barrett's 
esophagus included the presence of stricture or deep 
ulceration on endoscopy and the identification of dys- 
plasia histologically. Dysplasia was defined according 
to the criteria for inflammatory bowel disease. 8 Indef- 
inite dysplasia was not considered a complication. 

Statistics 

Comparisons of proportions were performed using 
Fisher's exact test or chi-square analysis. Differences 
in nonparametric data between multiple groups were 
identified by the Kruskal-WalLis test and comparisons 
between individual groups were made using the 
Mann-Whitney U test. Values are expressed as medi- 
ans. Significance was taken at the 5% level. 

RESULTS 

Demographic data of each of the two study groups 
and the normal controls are shown in Table I. From 
the first study 33 patients (14%) had short-segment 
Barrett's disease (i.e., columnar lining <3 cm in length 
with specialized intestinal epithelium), 37 patients 
(15%) had extended Barrett's disease (i.e., a columnar 
lining >3 cm in length with specialized intestinal 
epithelium), and 171 patients (71%) had no special- 
ized intestinal epithelium. 

Lower  Esophageal  Sphincter  Characterist ics 

Table II shows the individual lower esophageal 
sphincter components for the patients in the first 
study. Fig. 1 illustrates the prevalence of a mechani- 
cally defective lower esophageal sphincter (LES)-- 
that is, the percentage of patients having one or more 

Table I. Demographic data 

Age~) 
No. M/F Median Range 

Normal volunteers 50 20/30 31" 23-71 
No Barrett's 171 96/75 48 15-89 
Short-segment Barrett's 33 25/8t,* 53 20-79 
Extended Barrett's 37 29/8$,w 51 35-80 
Barrett's adenocarcinoma 16 15/It,w 62.511 42-80 

"Significant difference in ages between the groups (• = 55.7, 4 dr, P <0.01, Kruskal-Wallis). All groups significantly older than volunteers 
(P <0.05, Mann-Whimey U test). 
tP <0.01 vs. normals (Fisher~ exact test). 
*P = 0.05 vs. No Barrert~. 
w <0.05 vs. No Barrett's. 
IISignificandy older than the other three patient groups (P <0.05, Mann-Whitney U test). 
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Table II. Prevalence of abnormal lower esophageal sphincter components 

Barret t ' s  Barret t ' s  
Volunteers  N o  Barret t ' s  <3 cm ->3 c m  

C o m p o n e n t  (n = 50) (n = 146) (11 = 32) (n = 33) 

Resting pressure 0 (0%)* 36 (25%) 17 (43 %)~f 24 (73%)t 
<6 mm Hg 

Overall length 0 (0%)* 26 (18%) 9 (28%) 13 (39%)~ 
<2 cm 

Abdominal length 1 (2%)* 40 (27%) 10 (27%) 20 (61%)w 
<1 cm 

*P <0.05 vs. each of  the patient groups (Fisher's exact test). 
t P  <0.01 vs. N o  Barrett's group (X2). 
~P <0.05 vs. No  Barrett's group (Xz). 
w <0.01 vs. No  Barrett's group and Barrett's <3 cm (• 

80 
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20 

% of Patients 

Norrnals No Barrett's Barrett's <3era Barr >3 cm 
(n=50) (n=146} (n:32) (n=33) 

Fig. 1. Prevalence of a mechanically defective lower esophageal sphincter. * -- all patient groups were 
significantly different from normals (P <0.01) and from each other (P _<0.05). 

abnormal sphincter components. Only one of the 
healthy volunteers had a mechanically defective LES. 
There was a progressive increase in the prevalence of 
a mechanically defective LES from the patients with- 
out specialized intestinal epithelium to the patients 
with short-segment Barrett's esophagus to patients 
with extended Barrett's esophagus (Fig. 1). 

Fig. 2 illustrates the scatter plot of the LES resting 
pressures. Each of the patient groups had reduced 
mean lower esophageal sphincter pressures compared 
to control subjects. The patients with short-segment 
Barrett's esophagus had lower LES pressure compared 
to the patients without specialized intestinal epithe- 
lium, whereas the patients with extended Barrett's 
esophagus had lower LES pressures than those with 
short-segment Barrett's disease. 

Fig. 3 shows the overall length and abdominal 
length of the LES in each of the patients in study 1. 

No difference was observed between the patients 
without specialized intestinal epithelium and those 
with short-segment Barrett's disease. The patients 
with extended Barrett's disease had shorter overall 
sphincter lengths than the patients without special- 
ized intestinal epithelium and shorter abdominal 
sphincter lengths than both the patients without spe- 
cialized intestinal epithelium and those with short- 
segment Barrett's esophagus. 

Esophageal Acid Exposure 

Increased esophageal acid exposure (composite 
score >14.9) was present in 59% of patients without 
specialized intestinal epithelium, 81% of patients with 
short-segment Barrett's esophagus, and 100% of pa- 
tients with extended Barrett's esophagus (Fig. 4). Fig. 5 
shows a scatter plot of the percentage of time spent at 
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Fig. 2. Scatter plot of the lower esophageal sphincter pressure in 
each of the study groups. Horizontal line indicates the median. 
There  was a significant difference between the groups 
(• = 61.7, 3 df, P <0.01, Kruskal-Wallis). All groups were sig- 
nificantly different (P <0.05, Mann-Whitney). 
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Fig. 3. Overall length and abdominal length of the lower esophageal sphincter. Bar represents the me- 
dian. * = all groups were significantly different from normals (P <0.01 for both parameters). For overall 
length No  Barrett's vs. extended Barrett's, P <0.05. For abdominal length extended Barrett's vs. No Bar- 
rett's, P <0.01, and extended Barrett's vs. short Barrett's, P <0.05. 
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Fig. 4. Prevalence of a positive composite score for in- SO 
creased esophageal acid exposure. * = all groups were sig- 
nificantly different from normals (P <0.01) and from each 
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Fig. 5. Scatter plot of the total percentage of time the esophageal pH was <4 in each of the study groups. 
Horizontal line indicates the median. There was a significant difference between the groups (• = 82.6, 
3 df, P <0.01, Kruskal-Wallis). All groups were significantly different from each other (P <0.01, Mann- 
Whitney). 

pH <4 for the patients in study 1. Patients with short- 
segment Barrett's esophagus had significantly greater 
esophageal acid exposure than those without special- 
ized intestinal epithehum. However, the percentage of 
time that the esophageal pH was <4 was significantly 
higher in patients with extended Barrett's compared to 
patients with short-segment Barrett's esophagus. 

Esophageal Body Funct ion  

Amplitude of esophageal body contraction in the 
distal esophagus was significantly reduced in all of the 
patient groups compared to the normal volunteers at 
all five levels in the esophagus (Fig. 6). In patients 
with short-segment and extended Barrett's esophagus, 
there was a significant reduction in contraction am- 
plitudes in the lower esophagus compared to patients 
without specialized intestinal epithelium. The preva- 
lence of an increased number of simultaneous waves 
(20% or more between two channels) was 2% in nor- 
mal subjects, 23% in patients without specialized in- 
testinal epithelium, 31% in patients with short-seg- 
ment Barrett's, and 15 % in patients with extended 
Barrett's esophagus. All patient groups had a signifi- 
cantly greater prevalence compared to normal con- 
trois (P <0.01, chi-square analysis). 

Hiatal  Hern ia  

The prevalence of endoscopically diagnosed hiatal 
hernia was 34% (57 of 171) in patients without spe- 

cialized intestinal epithelium, 55% (18 of 33) in pa- 
tients with short-segment Barrett's, and 78% (29 of 37) 
in patients with extended Barrett's esophagus. Groups 
differed significantly from one another (P <0.05). 

Complications 
The prevalence of complications is shown in Table 

HI. The prevalence of dysplasia did not differ between 
patients with short-segment and extended Barrett's 
esophagus. Four patients (12%) with short-segment 
Barrett's esophagus had dysplasia, which was high 
grade in two and low grade in two, whereas dysplasia 
was observed in 7 (19%) of 37 patients with extended 
Barrett's esophagus, high grade in one and low grade 
in six. Dysplasia was not seen in patients with a 
columnar-lined esophagus in the absence of special- 
ized intestinal epithelium. 

Malignancy 

In the second study, in 25% (4 of 16) of patients 
with small noncircumferential Barrett's adenocarci- 
nomas measuring 3 cm or less in length, the lesions 
were associated with short-segment Barrett's meta- 
plasia (Table IV). In all four patients in whom the ade- 
nocarcinoma was associated with a short-segment of 
Barrett's mucosa, there was histologic evidence of 
high-grade dysplasia within areas of the specialized 
intestinal epithelium, suggesting that the metaplastic 
mucosa was the source of the adenocarcinoma. 
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Fig. 6. Median contraction amplitudes at each of the five levels of the esophagus for the different groups 
(cm below the lower border of the upper esophageal sphincter [UES]). There were significant differences 
between the groups at each of the five levels (Kruskal-Wallis, 3 df, 1 cm • = 10, 6 cm • = 17, 11 cm • 
= 14.4, 16 cm • = 24.7, and 21 cm • = 26.1; P <0.01). All patient observations were significantly differ- 
ent from normals (Mann-Whitney, P <0.05) at the lower four levels. Additionally, the short-segment 
Barrett's group was significantly different from the No  Barrett's group at the 6, 16, and 21 cm levels (P 
<0.05, Mann-Whitney). The extended Barrett's group was significantly different from the No Barrett's 
group at the lower three levels (P <0.01 Mann-Whitney). 

Table 11I. Esophageal complications* 
Group Esophagitist Stricture Ulcer Dysplasia 

No  Barrett's 42 (25%) 21 (12%) 4 (2%) 0 
(n- 171) 

Barrett's <3 em 13 (39%) 4 (12%) 0 4 (12%) 
(n - 33) (2 high grade, 2 low grade) 

Barrett's >3 cm 20 (54%)~: 7 (19%) 3 (8%) 7 (19%) 
(n --- 37) (1 high grade, 6 low grade) 

*Individual patients may have had more than one of the complications. 
tSavary-Miller grade II or m. 
~cP <0.01 vs. No Barrett's group. 
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Table IV. Endoscopic and histological characteristics in patients with small Barrett's adenocarcinomas 

Endoscopic Endoscopic Histologic 
length of tumor length of Appearance of evidence of 

Patient (cm)* Barrett's (cm)t Barrett's dysplasia 

1 2 Microscopic High grade 
2 3 Microscopic High grade 
3 1 1 Circumferential High grade 
4 3 2 Tongue High grade 
5 None 5 Circumferential High grade 
6 3 5 Circumferential High grade 
7 1 6 Circumferential No  
8 1 6 Circumferential High grade 
9 1 7 Circumferential High grade 

10 None 7 Circumferential High grade 
11 3 8 Circumferential High grade 
12 None 9 Circumferential High grade 
13 None 10 Circumferential High grade 
14 2 10 Circumferential High grade 
15 3 11 Circumferential Low grade 
16 2 12 Circumferential No  

*None refers to invasive intramucosal carcinomas detected histologically in the absence of any obvious mucosal abnormality. 
tin two tumors no Barrett's mucosa was seen endoscopically, but specialized intestinal epithelium was present at the margins of the tumor on his- 
tologic examination. 

D I S C U S S I O N  

It has become recognized that the region of the 
gastroesophageal junction may harbor areas of spe- 
cialized intestinal epithelium. 9 In this situation the 
metaplastic mucosa is localized to within 2 cm of the 
gastroesophageal junction and may not be readily ap- 
parent to the naked eye. Spechler et al. 1~ indicated 
that such short lengths of specialized intestinal epi- 
thelium are found on distal esophageal biopsies in up 
to 18% of all patients undergoing upper gastroin- 
testinal endoscopy. The authors indicated that this 
phenomenon is common and unrelated to gastro- 
esophageal reflux disease. This implication must be 
guarded in that a detailed physiologic assessment of 
the patients was not undertaken. 

In our study, esophageal function testing indicated 
that most patients (81%) with short segments of spe- 
cialized intestinal epithelium had a high prevalence of 
gastroesophageal reflux disease, which was proved by 
means of 24-hour pH monitoring. Furthermore, 
these patients had the potential for complications and 
the development of adenocarcinoma. 

The reason for this increased esophageal acid expo- 
sure is a mechanically defective sphincter. That is, pa- 
tients with short-segment and extended Barrett's 
esophagus had a higher prevalence of a defective 
sphincter compared to control subjects and patients 
with no specialized intestinal epithelium. The resting 

LES pressures showed a progressive decrease from 
those patients with no specialized intestalal epithelium 
to those patients with short-segment Barrett's to those 
with extended Barrett's esophagus. However, patients 
with short-segment Barrett's compared to those with 
extended Barrett's esophagus had longer sphincters 
and tended to have an adequate length of sphincter ex- 
posed to the intra-abdominal pressure environment. 
The preservation of these components may reflect that 
these patients were still in the early stages of disease 
and were maintaining some LES function resulting in 
less esophageal acid exposure. Longitudinal studies are 
needed to confirm this hypothesis. 

Analysis of esophageal body motility indicated that 
the groups with short-segment and extended Barrett's 
esophagus had a reduction in the amplitude of the 
contractions and a higher incidence of simultaneous 
waveforms in the esophageal body. These observa- 
tions indicate that patients with Barrett's esophagus 
have a significant motility disorder of the esophageal 
body. The latter suggests that the alteration in 
esophageal body motility is primary rather than sec- 
ondary to the loss of LES function. This observation 
along with recent findings of increased esophageal ex- 
posure to duodenal juice suggests that patients with 
Barrett's esophagus are unique in that they have a 
more global foregut motility abnormality. 

Both patients with short-segment and those with 
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extended Barrett's esophagus were subject to the de- 
velopment of complications. The risk of benign com- 
plications was highest in the groups with extended 
Barrett's esophagus; however, dysplasia was identified 
in all lengths of Barrett's mucosa. Two patients with 
short-segment Barrett's esophagus underwent esoph- 
agectomy for high-grade dysplasia. These observa- 
tions are at odds with the findings of Iftikhar et al., 12 
who largely discounted the risk of dysplastic change in 
short lengths of Barrett's mucosa. However, they re- 
quired that patients have >5 cm of circumferential 
Barrett's mucosa to enter their study and did not focus 
on patients with shorter lengths of Barrett's mucosa. 

Esophageal adenocarcinoma is the fastest rising 
cancer in the United States, and the incidence of ade- 
nocarcinomas of the "gastric cardia" is increasing in 
a parallel fashion.~3-1s The epidemiology of these can- 
cers is similar; both affect elderly white males who of- 
ten have a history of gastroesophageal reflux dis- 
ease. 16-19 Adenocarcinomas of the esophagus are 
associated with specialized intestinal epithelium in 
more than 75% of cases and adenocarcinomas of the 
cardia are associated with specialized intestinal epi- 
thelium in 42% to 73% of patients. 19,2~ Furthermore, 
Schnell et al. 21 found four cases of early distal 
esophageal adenocarcinomas arising within short seg- 
ments of intestinal epithelium. On the basis of these 
two observations it is postulated that adenocarcinoma 
of the gastric cardia arises from short segments of spe- 
cialized intestinal epithelium located at the gastro- 
esophageal junction. 

In the present study a series of patients with small 
noncircumferential Barrett's adenocarcinomas (<3 cm 
long; many of whom had intramucosal carcinoma) 
were analyzed to assess the macroscopic extent of the 
length of the Barrett's mucosa. Twenty-five percent 
had adenocarcinomas arising in Barrett's mucosa, 
which was 3 cm in length. High-grade dysplasia was 
present within the specialized intestinal epithelium in 
each of these tumors suggesting a Barrett's etiology. 
Many tumors at the gastroesophageal junction may 
originate from short segments of Barrett's mucosa; 
however, they may cannibalize the specialized intesti- 
nal epithelium making it impossible to determine the 
source of the tumor from the resected specimen. If 
this is true, the association between chronic gastro- 
esophageal reflux disease and adenocarcinoma may be 
higher than is currently documented. 

This study indicates that when specialized intesti- 
nal epithelium is present, even when specialized in- 
testinal epithelium is restricted to the region of the 
gastroesophageal junction, the endoscopist should 
confidently make the diagnosis of a premalignant con- 

dition. We conclude that the 3 cm rule represents a 
restrictive definition of Barrett's esophagus and is no 
longer appropriate in the presence of specialized in- 
testinal columnar epithelium. Patients with special- 
ized intestinal epithelium at the gastroesophageal 
junction are at risk of developing adenocarcinoma of 
the cardia. Further studies are necessary to establish 
the precise magnitude of this risk and the need for en- 
doscopic surveillance of this group of patients. 

REFERENCES 

1. Hayward J. The lower end of the esophagus. Thorax 1961; 
16:36-41. 

2. DeMeester TR, Attwood SEA, Smyrk TC, et al. Surgical 
therapy in Barrett's esophagus. Ann Surg 1990;212:528-542. 

3. Iscone C, DeMeester TR, Little AG, et al. Barrett's esopha- 
gus. Functional assessment, proposed pathogenesis and surgi- 
cal therapy. Arch Surg 1983;118:543-549. 

4. Winters C Jr, Spurling TJ, Chobanian SJ, et al. Barrett's 
esophagus. A prevalent, occult complication of gastro- 
esophageal reflux disease. Gastroenterology 1987;92:118-124. 

5. Attwood SEA, DeMeester TR, Bremner CG, et al. Alkaline 
gastroesophageal reflux: Implications in the development of 
complications in Barrett's columnar-lined lower esophagus. 
Surgery 1989;106:764-770. 

6. Zaninotto G, DeMeester TR, Schwizer W. The lower 
esophageal sphincter in health and disease. Am J Surg 
1988;155:104-110. 

7. Johnson LF, DeMeester TR. Development of the 24 hour in- 
traesophageal pH monitoring composite scoring system. J 
Clin Gastroenterol 1986;8:52-58. 

8. Riddell RH, Goldman H, Ranschoff DF, et al. Dysplasia in in- 
flammatory bowel disease: Standardized classification with pro- 
visional clinical applications. Hum Pathol 1983; 14:931-968. 

9. Clark GWB, Ireland AP, Chandrasoma P, et al. Inflammation 
and metaplasia in the transitional epithelium of the gastro- 
esophageal junction: A new marker for gastroesophageal re- 
flux disease [abst]. Gastroenterology 1994;106:A63. 

10. Spechler SJ, Zeroogian JM, Antonioli DA, et al. Prevalence 
of metaplasia at the gastroesophageal junction. Lancet 1994; 
344:1533-1536. 

11. Spechler SJ, Goyal RIC The columnar-lined esophagus, in- 
testinal metaplasia, and Norman Barrett. Gastroenterology 
1996;110:614-621. 

12. Iftikhar SY, James PD, Steele RJC, et al. Length of Barrett's 
esophagus: An important factor in the development of dyspla- 
sia and adenocarcinoma. Gut 1992;33:1155-1158. 

13. Hesketh PJ, Clapp RW, Doos WG, et al. The increasing fre- 
quency of adenocarcinoma of the esophagus. Cancer 1989; 
64:526-530. 

14. Yang PC, Davis S. Incidence of cancer of the esophagus in the 
U.S. by histological type. Cancer 1988;61:612-617. 

15. Blot WJ, Devesa SS, Kneller RW, et al. Rising incidence of 
adenocarcinoma of the esophagus and gastric cardia. JAMA 
1991;265:1287-1289. 

16. Wang HH, Antonioli DA, Goldman H. Comparative features 
of esophageal and gastric adenocarcinomas: Recent changes 
in type and frequency. Hum Pathol 1986;17:482-487. 

17. Kalish RJ, Clancy PE, Orringer MB, et al. Clinical, epidemi- 
ologic and morphologic comparison between adenocarcino- 



Journal of 
122 Clark et al. Gastrointestinal Surgery 

mas arising in Barrett's esophageal mucosa and in the gastric 
cardia. Gastroenterology 1984;86:461-467. 

18. Haggit RC, Tryzelaar J, Ellis FH, et al. Adenocarcinoma com- 
plicating columnar epithelium-lined (Barrett's) esophagus. Am 
J Clin Pathol 1979;70:1-5. 

19. Cameron AJ, Lomboy CT, Pera M, et al. Adenocarcinoma of 
the esophagogastric junction and Barrett's esophagus. Gas- 
troenterology 1995; 109:1541-1546. 

20. Clark GW'B, Smyrk TC, Burdiles P, et al. Is Barrett's meta- 
plasia the source of adenocarcinomas of the cardia? Arch Surg 
1994;129:609-614. 

21. Schnell TG, Sontag SJ, Chejfec G. Adenocarcinomas arising 
in tongues or short segments of Barrett's esophagus. Dig Dis 
Sci 1992;37:137-143. 

B O U N D  V O L U M E S  

Bound volumes are available to subscribers only. T h e  hardbound volume of  six 
issues of  the I997 Journal of Gastrointestinal Surgery must be ordered by October  
1, 1997, from Quality Medical Publishing, Inc., 11970 Borman Dr., Suite 222, St. 
Louis, M O  63146. Payment  of  $75 in U.S. funds must accompany all orders. 



Portal Vein Thrombosis in Cirrhosis With Variceal 
Hemorrhage 

Marsball J. Orloff, M.D., Mark S. Orloff, M.D., Susan L. Orloff, M.D., Barbara Girard, B.S. 

Organized thrombus in the main tnmk of the portal vein was encountered in 85 (6.5%) of 1300 patients 
with cirrhosis and variceal hemorrhage who underwent direct portacaval shunt (PCS). The thrombus 
was successfully removed with restoration of portal blood flow in all patients by phlebothrombectomy and 
balloon catheter extraction. Of the 85 patients, 65 were among 400 unselected patients who underwent 
emergency PCS (16%), and 20 were among 900 selected patients who underwent elective PCS (2%). All 
patients were closely followed for at least 5 years. Patients with portal vein thrombosis (PVT) had more 
advanced liver disease than those without PVT, reflected preoperatively in significantly higher (P <0.01) 
incidences of ascites (75%), severe muscle wasting (52 %), varices of very large size (94%), the hyperdy- 
namic state (94%), severe hypersplenism with a platelet count of less than 50,000/mm 3 (92%), and place- 
ment in Child's class C (52%). Side-to-side PCS reduced the portal vein-inferior vena cava pressure gra- 
dient to a mean of 23 mm saline solution in patients with PVT, similar to the marked pressure reduction 
obtained in patients without PVT. PCS promptly stopped variceal bleeding in all patients in the emer- 
gency PCS group. Permanent prevention of recurrent variceal bleeding was successful in 95% of pa- 
tients with PVT and more than 99% of patients without PVT. Survival rates were similar in patients 
with and without PV-E In patients with PVT, survival rates at 30 days and 1, 5, 10, and 15 years follow- 
ing emergency PCS were 69%, 66%, 65%, 55 %, and 51%, respectively, and following elective PCS were 
95%, 90%, 70%, 65%, and 60%, respectively. Quality of life was similar in patients with and without 
PVT. Long-term PCS patency was demonstrated yearly in 93% of patients in the group with PVT and 
in 99.7% of patients without PVT. Other similarities after 5 years between patients with and without 
PVT, respectively, were the incidences of recurrent encephalopathy (9% vs. 8%), alcohol abstinence 
(61% vs. 64%), improved liver function (68% vs. 62% to 75%), and return to work (52% vs. 56% to 
64%). It was concluded that in patients with cirrhosis and variceal hemorrhage it is almost always possi- 
ble to remove portal vein thrombus by means of phlebothrombectomy and then perform a direct PCS 
with results similar to those achieved in the absence of PVT. (J GASTROINTEST SURG 1997; 1:123-131.) 

Thrombosis of  the main trunk of  the portal vein in 
cirrhosis is not uncommon. It is often discovered in 
association with an episode of  variceal hemorrhage. 
Presumably the thrombosis results from stagnation of  
blood throughout the portal system caused by intra- 
hepatic obstruction to portal blood flow. However, lit- 
de has been written about therapy for variceal bleed- 
ing in patients with cirrhosis and portal vein 
thrombosis, and no well-defined treatment strategy 
has been developed or considered. 

From 1963 to 1990 we performed portaeaval shunt 
(PCS) as an emergency procedure for treatment of  

acutely bleeding esophagogastric varices in 400 unse- 
lected patients with cirrhosis. 1 From 1958 to 1991 we 
performed PCS electively in 900 selected patients 
who were referred to us after they recovered from an 
episode of  bleeding esophagogastric varices. These 
1300 patients were studied prospectively and all of  
them underwent at least 5 years of  close follow-up. At 
the time of the PCS operation, well-organized throm- 
bus was discovered in the main trunk of  the portal 
vein in 85 patients (6.5%). This  is a report  of  the 
course of  these 85 patients with portal vein thrombo- 
sis (PVT), and it includes data on early and long-term 
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survival, control of bleeding, incidence of portal sys- 
temic encephalopathy (PSE), and quality of life. 

P A T I E N T S  A N D  M E T H O D S  
Study Groups 

The 400 acutely bleeding patients who underwent 
emergency PCS have been described in detail in a re- 
cent report.1 The distinguishing characteristics of the 
emergency PCS study group included the following: 
(1) they were unselected so that "all comers" with 
acute variceal hemorrhage were included; (2) a direct 
PCS between the portal vein (PV) and the inferior 
vena cava (IVC) was undertaken within 8 hours of ini- 
tial contact; and (3) they were studied prospectively 
with data being collected on line. Details of the study 
and treatment plans have been reported previously. 2-7 
Sixty-five (16%) of these 400 acutely bleeding patients 
were found at operation to have well-organized 
thrombus in the PV. 

The  900 patients who underwent elective PCS 
were referred for surgery after recovering from an 
episode of variceal hemorrhage, usually at a hospital 
other than our own. As is true of all studies of elec- 
tive PCS, the patients were highly selected. Twenty 
(2%) of these 900 patients were found at operadon to 
have well-organized thrombus in the PV. 

Diagnost ic  Workup 
The diagnostic workup was completed within 2 to 

7 hours of initial contact in the acutely bleeding pa- 
tients who underwent emergency PCS. Other than 
the rapidity of performance, the diagnostic workup in 
the elective PCS group was similar to that in the 
emergency PCS group. The diagnostic workup has 
been described previously.t-7 The cornerstone of the 
diagnostic workup was esophagogastroduodenos- 
copy. Arteriography with indirect portography was 
performed routinely from 1969 to 1976, at which 
time it was discontinued as a routine procedure. PVT 
was not demonstrated or suspected during the diag- 
nostic workup. As soon as the results of the diagnos- 
tic studies were known, patients were assigned to 
Child's risk classes based on the five criteria originally 
proposed by Child and Turcotte 8 for assessing hepatic 
functional reserve. The  widely used quantitative 
method of Campbell et al. 9 was used to reduce the 
subjectivity of Child's criteria by assigning severity 
points to each criterion and calculating a total point 
score. 

Phlebothrombectomy 
A long segment of PV was dissected free from the 

level of the bifurcation in the liver hilum to a point 

where it disappeared behind the pancreas. A small 
wedge of pancreas was sometimes excised to attain 
maximal length of the vein. The  PV was occluded 
with vascular clamps at the level of the bifurcation 
above and the pancreas below. A longitudinal incision, 
2.0 to 2.5 cm in length, was made in the posterolateral 
wall of the PV at the site of the future side-to-side 
PCS. The organized thrombus was then extracted us- 
hag endarterectomy instruments, particularly the spat- 
ula, and gentle traction on the thrombus. Finally, a 
Fogarty balloon catheter was inserted above and then 
below to extract any remaining thrombus and debris. 
Phlebothrombectomy was not terminated until brisk 
blood flow was obtained from both ends of the venot- 
omy. Heparin solution was instilled in the PV beyond 
the occluding vascular clamps. 

Portacaval Shunt Operation 
Our technique of direct PCS has been described in 

detail elsewhere) ~ Intraoperative pressure measure- 
ments were obtained before and after the shunt pro- 
cedure by direct needle puncture of the PV and IVC 
with the use of a saline solution manometer posi- 
tioned at the level of the IVC. The postshunt PV-IVC 
pressure gradient was less than 50 mm of saline solu- 
tion in 97 % of patients. Cardiac output was measured 
before and after construction of the venous anasto- 
mosis. A large wedge liver biopsy was obtained from 
all patients and confirmed the diagnosis of cirrhosis 
in each case. Side-to-side PCS was performed in 1174 
patients, end-to-side PCS was performed in 122, and 
another type of shunt was used in four patients after 
attempts at conventional portacaval anastomosis were 
unsuccessful. 

Postoperative Therapy 
The patients were admitted to a surgical intensive 

care unit where monitoring consisted of serial mea- 
surements of cardiovascular, pulmonary, hepatic, and 
renal function; fluid, electrolyte, and acid-base bal- 
ance; blood count; and blood coagulation. Daily 
neomycin therapy, cathartics, and enemas were con- 
tinued for 3 days in patients in the emergency PCS 
group. Hypokalemic alkalosis was treated vigorously 
by intravenous administration of potassium chloride. 
All patients received intensive respiratory therapy. An 
H2-receptor antagonist, when these became available, 
and antacids were given throughout the postoperative 
course to counteract and suppress gastric acid secre- 
tion and prevent stress ulceration of the stomach. 
Delirium tremens was treated with parenteral admin- 
istration of magnesium sulfate, diazepam, or chlor- 
diazepoxide hydrochloride, and 50% dextrose solu- 
tion with vitamins. Oral nutrition progressed until a 
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diet that contained 80 g protein per day was tolerated. 
Dietary protein tolerance was carefully evaluated. 
The patients and their families were given detailed di- 
etary instructions by a dietitian and they also received 
repeated counseling concerning abstinence from al- 
cohol. The patients were discharged from the hospi- 
tal on a 3000-calorie diet limited to 60 g protein and 
2 g sodium salt per day. 

L i f e l o n g  F o l l o w - U p  

The patients were seen in the portal hypertension 
clinic monthly for the first postoperative year and 
every 3 months thereafter. At each clinic visit, clini- 
cal status was evaluated and the presence or absence 
of PSE was determined by a battery of tests that in- 
cluded a series of timed number connection tests, 
evaluation of mental status by a physician, examina- 
tion for asterixis, and measurement of arterial blood 
ammonia. In addition, measurements were made of 
blood count, hepatic function, renal function, and 
fluid and electrolyte balance. A dietitian interviewed 
the patients and their families at each clinic visit and 
counseled them on restricting protein intake to 60 
g/day and sodium intake to 2 g/day. Each year PCS 
patency and function were assessed by Doppler du- 
plex ultrasonography or shunt catheterization with 
pressure measurements and angiography. Needle 
biopsy of the liver was performed intermittently dur- 
ing the follow-up period. The  1-, 5-, and 10-year fol- 
low-up rates were 10%, 96%, and 94%, respectively. 
All of the patients had been operated on 5 or more 
years earlier. 

Data  C o l l e c t i o n  and Analysis  

Beginning with initial contact and continuing 
through lifelong follow-up evaluation, 220 categories 
of data were recorded on standard forms and entered 
into a computer program for analysis. Statistical sig- 
nificance was determined by Student's t test, analysis 
of variance for numeric variables, and chi-square test 
with Yates' correction for nonnumeric variables. Ka- 
plan-Meier survival estimates and log-rank survival 
comparisons were computed using SAS version 6.09 
software. Kaplan-Meier survival data are presented in 
the graph. In addition, survival data adjusted by age 
and sex for the California population are presented in 
Tables I to V. 

R E S U L T S  
Clinical Character is t ics  

The clinical characteristics of the 85 patients with 
PVI" are compared with those of the 1215 patients 
without PVT in Table I. Patients with PVT ranged 
in age from 33 to 75 years, which is similar to the age 
range in patients without PVT in the emergency PCS 
group (22 to 75 years) and in the elective PCS group 
(26 to 80 years). Patients with and without PVT were 
not significantly different with regard to sex, number 
ofvariceal bleeding episodes, alcoholism, incidence of 
jaundice, and incidence of delirium tremens on initial 
contact or documented history. Forty percent of pa- 
tients with PVT were found to have PSE on initial 
contact or had a documented history, which was not 
significantly different from the 33 % incidence of PSE 
in patients without PV'F. Nevertheless, patients with 

Table I. Clinical characteristics of patients with and without portal vein thrombosis 

Characteristics 

With P V T  
(n = gS) 

(%) 

Without PVT 

Emergency 
PCS 

(n -- 335) 
(%) 

Elective 
PCS 

(n ~ 880) 
(%) 

Male sex 
Two or more bleeding episodes 
Ascites 
Jaundice 
Severe muscle wasting 
PSE on initial contact and/or 

documented history 
Delirium tremens on initial contact 

and/or documented history 
Child's risk class 

A 
B 
C 

71 
62 
75* 
60 
52* 
40 

28 

0 
48 
52* 

69 
44 
53 
50 
37 
33 

23 

11 
65 
24 

68 
55 
63 
55 
39 
33 

16 

11 
58 
31 

*P <0.01. 
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Table II. Results of preoperative diagnostic studies in patients with and without portal vein thrombosis 

Laboratory results 

Without PVT 

Emergency Elective 
With PVT PCS PCS 

(n = 85) (n = 335) (n = 880) 
(%) (%) (%) 

Varices on endoscopy and/or 100 100 100 
x-ray film 

Very large varices (3 + on 94* 52 40 
0 to 3 + scale) 

Cirrhosis proved by biopsy 100 100 100 
Alcoholic 82 95 86 
Other 18 5 14 

Hyperdynamic state (cardiac output 94* 89 74 
->6 L/min) 

Hypersplenism (platelet count 92* 61 41 
<50,000/mm 3) 

*P <0.01. 

Table III. Operative data in patients with and without portal vein thrombosis 

Operative data 

Without PVT 

Emergency Elective 
With PVT PCS PCS 

(n = 85) (n = 335) (n = 880) 
(%) (%) (%) 

Mean PV-IVC gradient • SEM 
Pre-PCS (mm saline) 285 -+ 7 
Post-PCS (mm saline) 23 _+ 2 

Side-to-side PCS (%) 100 
Mean intraoperative blood transfusions (U) 4.5* 
Mean operative time (hr) 4.5* 

271 • 7 254 -+ 8 
21 • 3 21 • 3 

85 93 
3.5 2.1 
4.2 3.1 

*P <0.0I. 

PVT had some preoperative findings that were sig- 
nificantly different from those in patients without 
PVT (P <0.01) and indicated the presence of more ad- 
vanced liver disease. The incidences of ascites (75%) 
and severe muscle wasting (52%) were higher in the 
patients with PV-T, and significantly more of them 
(52%) were in Child's class C. 

Table II shows the results of preoperative diagnos- 
tic studies in patients with and without PVT. All pa- 
tients had esophageal or gastric varices and no other 
mucosal lesion that could account for bleeding. Al- 
most all patients (94%) with PVT had very large 
varices; the incidence of varices of very large size was 
significantly higher (P <0.01) when PVT was present 
than when PVT was absent. A wedge liver biopsy ob- 
tained at operation showed cirrhosis of the liver in all 
patients, usually considered to be of the alcoholic 

type. However, it is likely that some alcoholic patients 
had posthepatitic cirrhosis rather than alcoholic 
cirrhosis, since results of serologic tests for hep- 
atitis were not available in the early part of the study. 
In addition to more frequent varices of very large size, 
patients with PVT, compared to those without PVT, 
had significandy higher (P <0.01) incidences of the 
hyperdynamic cardiovascular state with a cardiac 
output of 6 L/min or higher and severe hypersplenism 
with a platelet count less than 50,000/mm 3. 

Operative Findings 

Table III presents the operative findings in patients 
with and without PVT. All patients had portal hyper- 
tension with a PV-IVC pressure gradient that aver- 
aged 285 mm saline solution in patients with PVT, 
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Table IV. Survival rates of patients with and without portal vein thrombosis following portacaval shunt 

Survival 

Emergency PCS Elective PCS 

With Without With Without 
PVT PVT PVT PVT 

(11 - 65) (n - 335) (n - 20) (n = 880) 
(%) (%) (%) (%) 

Operative (30 days) 69 73 95 98.6 
I year 66 65 90 95 
5 years 65 61 70 71 
10-year actuarial 55 52 65 65 
15-year actuarial 51 45 60 61 

which was not significantly different from the pres- 
sure gradient in patients without PVT. PCS reduced 
the mean PV-IVC pressure gradient to 23 mm saline 
solution in patients with PVT, which is similar to the 
marked pressure reduction in patients without PVT. 
All patients with PVT underwent a side-to-side PCS. 

Because of the technical operative maneuvers in- 
volved in phlebothrombectomy, operative blood loss, 
requirements for intraoperative blood transfusions, 
and time required to perform the operation were 
somewhat greater in patients with PVT compared to 
those without PVT (P <0.01). However, in patients 
with PVT the requirement for blood transfusion dur- 
ing surgery averaged only 4.5 units and the mean du- 
ration of the operation was only 4.5 hours. 

Control of Bleeding 

PCS promptly stopped variceal bleeding in all pa- 
tients who underwent emergency PCS. Permanent 
prevention of recurrent variceal bleeding or bleeding 
from any cause related to portal hypertension was 
successful in 95% of patients with PVT, 99% of pa- 
tients without PVT who underwent emergency PCS, 
and 99.7% of patients without PVT who underwent 
elective PCS. In four patients with PVT, all of whom 
had occluded shunts, recurrent bleeding developed. 

Survival 

Table IV lists the survival rates following PCS for 
patients with and without PVT in each study group, 
and Fig. 1 presents the 15-year Kaplan-Meier survival 
curves. There were no significant differences in sur- 
vival at any time interval between patients with and 
without PVT. In the emergency PCS group, which 
included unselected patients with acute variceal hem- 
orrhage, 69% of those with PVT and 73% of those 
without PVT left the hospital alive. Subsequently the 
1-, 5-, 10-, and 15-year survival rates were similar in 
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Fig. 1. Fifteen-year Kaplan-Meier survival curves after porta- 
caval shunt (PCS) in patients with and without portal vein 
thrombosis (PVT). 

patients with and without PVT. After 15 years, 51% 
of the patients with cirrhosis who underwent phle- 
bothrombeetomy and emergency PCS were alive. In 
the elective PCS group, which involved highly se- 
lected patients, 95% of those with PVT and 98.6% of 
those without PVT left the hospital alive. Survival 
rates after 15 years in the elective shunt group were 
60% of those with PVT and 61% of those without 
PVT. Long-term survival rates of the highly selected 
patients who underwent elective PCS were only 9% 
to 16% greater than those of the unselected patients, 
"all comers" included, who underwent emergency 
PCS. 

Portal  Systemic Encephalopathy 

Before the operation, PSE was found on initial 
contact, was documented in the past medical records, 
or was noted at both times in 40% of patients with 
PVT and 33 % of patients without PVT. During fol- 
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low-up a concerted effort was made at each clinic visit 
to identify PSE by evaluation of mental status, test- 
ing for asterixis, use of a series of timed number con- 
nection tests, and measurement of arterial blood am- 
monia. Recurrent PSE that required dietary protein 
restriction of less than 60 g/day, chronic therapy with 
lactulose or neomycin, and hospitalization one or 
more times was noted in 9% of patients with PVT, 
9% of patients without PVT who underwent emer- 
gency PCS, and 7% of patients without P V T  who 
had undergone elective PCS. The  low incidence of 
PSE is consistent with our past experience and has 
been discussed at length previously. 1,7 Patients who 
abstained from alcohol and adhered to simple dietary 
instructions limiting protein intake to 60 g/day had a 
negligible incidence of PSE. 

Qua l i ty  o f  Life 

Table V presents data on quality of life 5 years after 
PCS in patients with and without PVT. The low inci- 
dence of PSE has already been discussed. Oc- 
clusion of the PCS was demonstrated by yearly 
angiographic studies with pressure measurements, 
Doppler duplex ultrasonography, or both in four pa- 
tients in the group with PVT, one patient without 
PVT in the emergency PCS group, and three patients 
without PVT in the elective PCS group. PCS patency 
at 5 years was 93%, 99.6%, and 99.7%, respectively. 
The  infrequency of recurrent variceal bleeding has 
been discussed previously; it occurred in the small 
number of patients with occlusion of the PCS. Absti- 
nence from alcohol throughout the 5-year period oc- 
curred in 61% of patients with PVT and in 63% to 

64% of patients without PVT. Long-term survival 
rates were significantly higher in patients who ab- 
stained from alcohol. Continued heavy use of alcohol 
was responsible for most late deaths. Results of  liver 
function tests 5 years after PCS, compared with find- 
ings before the operation, showed improvement in 
68% of patients in the group with PVT, 62% without 
PVT in the emergency PCS group, and 75% without 
PVT in the elective PCS group. Excluding patients 
who were 65 years of age or older and who were clas- 
sified as retired, 52% of  patients in the group with 
PVT were gainfully employed or engaged in full-time 
housekeeping for part or all of the initial 5-year fol- 
low-up period. Corresponding frequencies in patients 
without PVT were 56% in the emergency PCS group 
and 64% in the elective PCS group. 

D I S C U S S I O N  

It should be emphasized that all patients with PVT 
in the present study had well-organized thrombus in 
the main trunk of the PV,, usually extending from the 
junction of the PV and splenic vein below to the bi- 
furcation of the PV above. Not  included in this study 
were patients with fresh clot in the PV, which com- 
monly results from traction on the PV during opera- 
tive dissection, thrombosis confined to the right or 
left PV branches, and intrahepatic PV thrombi. 

The  true incidence of  P V T  in cirrhosis is not  
known. In selected populations of patients the re- 
ported incidence has ranged from 0.6% in an autopsy 
study it to 21% in a study of patients examined by an- 
giography or at laparotomy, t2 with numerous inci- 
dences between those extremes) 3-19 Several reports of 

Table V. Quality of life at 5 years in patients with and without portal vein thrombosis 

With PVT 
(n ~ 85) 

(%) 

Without  PVT 

Emergency 
PCS 

(n = 335) 
(%) 

Elective 
PCS 

(n = 880) 
(%) 

Shunt patency 
Variceal rebleeding 
Portal systemic encephalopathy 

Pre-shunt 
Post-shunt recurrent 

Mcohol abstinence 
Improved liver fimction 
Work status 

Retired because of age 
Employed or housekeeping 

93 
5 

40 
9 

61 
68 

14 
52 

99.6 
1 

33 
9 

63 
62 

20 
56 

99.7 
0.3 

33 
7 

64 
75 

12 
64 
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patients with cirrhosis undergoing orthotopic liver 
transplantation have described an incidence of PVT 
ranging from 9% to 19%. 20-22 The incidence in our 
large series of cirrhotic patients with variceal hemor- 
rhage ranged from 16% in the unselected acutely 
bleeding patients to 2 % in the highly selected patients 
who underwent elective operation. It is clear that 
PVT in cirrhosis with variceal hemorrhage is not un- 
common. 

Many conditions in adults other than cirrhosis lead 
to P V T .  23 Common causes include malignant neo- 
plasms, particularly pancreatic carcinoma and hepa- 
tocellular carcinoma, intra-abdominal infections, pan- 
creatitis, myeloproliferative diseases, hypercoagulable 
states, abdominal trauma, splenectomy, and various 
abdominal operations involving or near the portal sys- 
tem. It has been proposed that endoscopic sclerother- 
apy of esophageal varices is associated with PVT, but 
our experience and recent studies 24,25 have failed to 
demonstrate such an association. None of our patients 
had any of the conditions, other than cirrhosis, that 
lead to PVT. Some of our patients treated in the final 
decade of our studies had undergone endoscopic scle- 
rotherapy at some time prior to their admission for 
PCS, but there is nothing to indicate that the inci- 
dence of PVT in these patients was different from 
that in patients who did not undergo variceal scle- 
rotherapy. It is believed, but has not been proved, that 
PVT in patients with cirrhosis, such as those in the 
present study, results from obstruction of portal blood 
flow within the liver with consequent stagnation and 
clotting of blood in the PV. 

Patients with PVT in the present study had more 
advanced cirrhosis as a group than patients without 
PVT. Compared to patients without PVT, more of 
those with PVT were in Child's class C, and they had 
higher incidences of ascites, severe muscle wasting, 
varices of very large size, the hyperdynamic cardiovas- 
cular state, and severe hypersplenism. Nevertheless, 
there was nothing unusual about their clinical charac- 
teristics, and there were no clinical or diagnostic data 
that would cause one to suspect the presence of PVT. 

It is possible to make a diagnosis of PVT by means 
of various radiologic techniques, including ultra- 
sonography, particularly with the Doppler duplex 
technique, contrast-enhanced CT, MRI, and splanch- 
nic arteriography with indirect portography. We did 
not use any of these techniques because we found it 
possible to manage PVT effectively when it was dis- 
covered at operation. Moreover, these procedures are 
time consuming, particularly in acutely bleeding pa- 
tients, and they are costly. In all of the patients in the 
present study, the diagnosis of PVT was made during 
the PCS operation. Nevertheless, an argument could 

be made for routinely using a noninvasive technique 
such as ultrasonography in patients referred for elec- 
tive PCS. 

PVT has often been considered a contraindication 
to both PCS and orthotopic liver transplantation. The 
most important result of the present study is the 
demonstration that it is usually possible to extract or- 
ganized thrombus from the PV and then perform a 
PCS with an outcome equivalent to that achieved in 
patients without PVT. Belli et al. Is came to a similar 
conclusion in the only other study of phlebothrom- 
bectomy of PVT followed by portosystemic shunt in 
a sizable number of patients. Furthermore, successful 
phlebothrombectomy of the PV has been reported 
with increasing frequency in patients undergoing or- 
thotopic liver transplantation. 2~ 

The long-term PCS patency rate of 93 % in the 
present series of patients with PVT is noteworthy. We 
believe it resulted from the restoration of brisk portal 
blood flow across the large-diameter portacaval anas- 
tomosis. The patients in the present study were 
placed on a daily oral tablet (32 5 mg) of acetylsalicylic 
acid for fife. Anticoagulants such as heparin and war- 
farin sodium were not used because of concern about 
postoperative bleeding, but an argument might be 
made for their use. 

Quality of life was satisfactory in most patients in 
the PVT group who survived PCS for a year or more 
and was reflected in a low incidence of recurrent PSE, 
freedom from gastrointestinal bleeding, a substantial 
rate of abstinence from alcohol, improvement in liver 
function in 68%, and improvement in Child's risk 
class in 70% of patients. Quality of life was similar in 
patients with and without PVT. One half of the pa- 
tients in the PVT group who were not of retirement 
age were gainfully employed or doing full-time 
housekeeping for part or all of the first 5-year follow- 
up period. Patients.who survived PCS for 6 months 
had a good chance of prolonged survival. Not  sur- 
prisingly, resumption of alcohol imbibition played a 
major role in late death. 

The results of the present study demonstrate that 
phlebothrombectomy combined with direct side-to- 
side PCS can be accomplished successfully in almost 
all patients with cirrhosis and variceal hemorrhage 
who have organized thrombus in the main trunk of 
the PV. In such patients PCS eliminates the high PV- 
IVC gradient, carries a high long-term patency rate, 
and provides lifelong protection against recurrent 
variceal bleeding in almost all patients. The outcome 
is no different from that achieved with PCS in the ab- 
sence of PVT and includes substantial long-term sur- 
vival, a low incidence of PSE, improved liver function, 
and a life of good quality in many patients. 
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Discussion 
1~. H. Orozco (Mexico City, Mexico). My own experi- 

ence includes caring for more than 800 patients with portal 
hypertension; 11 of them were found to have cirrhosis and 
PVT. 

How is it possible to perform emergency PCS in Child's 
class C patients, given the condition of their veins, and keep 
them alive? Why do you continue to perform these PCS 
procedures that direct the portal blood flow away from the 
liver? 

D~. M.J. Or~off. In patients with what is essentially cav- 
ernous transformation of the portal vein, it is not possible 
to perform a PCS. In fact, most patients with P V T  have 
thrombus confined to the main tnmk of the portal vein and 
the thrombus can be readily removed. The results speak for 

themselves. The notion that maintaining flow toward the 
liver is an essential part of life is just not what these data 
would support, so I stand on the results rather than the un- 
supported opinion you have expressed. 

Dr. W. Meyers (Worcester, Mass.). If  you were to grade 
the degree of difficulty of these operations on a scale of I to 
10, with 1 being relatively easy and 10 being relatively dif- 
ficult, what would be the distribution? 

D~. Or/off.ft. I think it varies greatly, and not because of 
the PVT. It  varies because of all the circumstances that are 
encountered in patients who are bleeding from esophageal 
varices. Generally speaking, the emergency operations are 
the most difficult; usually, operations in Child's class C pa- 
tients are more difficult than the elective operations, but I 
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think there is a whole spectrum of difficulty and it is not re- 
lated to the PVT. 

Dr. L. Rileko's (Madison, Wis.). Could you speculate as 
to what you believe is the pathogenesis of the PVT in these 
patients? Is it secondary to portal venostasis? Were any of 
these thromboses detected preoperatively? I know that your 
patients are rapidly brought to surgery, but if you knew that 
a patient had a complete PVT preoperatively, would you 
take a different approach? How many of these were partial 
and how many were complete thrombosis? We have found 
patients in both the pediatric and adult populations with 
cavernomatous transformation to be ideal candidates for 
distal splenorenal shunt since the splenic vein is open; these 
patients have good portal perfusion through hepatopetal 
collateral vessels and portal perfusion tends to be retained 
indefinitely because these patients have a low-resistance 
liver. Would you favor a distal splenorenal shunt in noncir- 
rhotic patients with PVT? 

Dr. Orloff. Regarding the pathogenesis, of course that 
is speculative. The  speculation, which did not originate 
with our group, is there is so much stasis in the portal vein 
as a result of the intrahepatic obstruction, sometimes to the 
degree where there is no forward or backward flow, and 
that is what leads to the thrombosis. Although this is spec- 
ulative, there really are no other data to implicate another 
factor. As far as preoperative detection, I think we would 
emphasize that, particularly in patients who undergo emer- 
gency shunts, it really is not worthwhile to perform an- 
giography or noninvasive imaging studies because it is usu- 
ally possible to remove the thrombus. For 8 years we did 
perform angiography routinely in all of  our emergency 
shunt patients, but we stopped because it was time con- 
suming and it was not really an effective means of separat- 
ing patients. In my opinion Doppler duplex ultrasound 
studies would be worthwhile in patients undergoing elec- 
tive shunts. I cannot answer the question about partial vs. 
complete obstruction. The thrombus is visible in the vein, 
but it is not possible by "eyeballing" it to determine how 
much blood, if any, is getting past the thrombus. So I re- 
ally cannot answer that question. With regard to patients 

with extrahepatic portal hypertension with cavernomatous 
transformation of the portal vein, as we all know, that is a 
totally different disease. It is a disease in which we have 
been interested. It is not possible to perform a phlebo- 
thrombectomy in those patients. We have, within the past 
year or so, reported a series of 162 patients with PVT, and 
our standard practice has been to perform either a splenore- 
nal shunt or a mesocaval shunt using a direct anastomosis 
rather than a synthetic graft. It is acceptable to perform a 
distal splenorenal shunt; it is just not the operation that we 
have chosen. The  results are uniformly good in young per- 
sons who have extrahepatic portal obstruction, provided 
they undergo decompression. 

Dr. l.J. Sarfeh (Long Beach, Calif.). We published our 
series in the late 1970s with far more dismal results than 
yours. Our problem was that often the thrombus extended 
into the distal portion of the splenic vein just at the conflu- 
ence, and we were unable to remove the thrombus. In some 
of our patients, in order to control variceal hemorrhage, we 
had to reoperate and perform a splenectomy. Did you have 
that problem and did you use postoperative angiography to 
see if the portal venous system had been completely 
cleared? 

Dr. Orlofljq. I did read your article very carefully and 
found some differences between your study and ours. For 
one thing, yours was a retrospective chart review. Your re- 
suits really were not very encouraging: Had I read your re- 
port before we undertook our prospective study, I think we 
probably would not have done what we did because of your 
discouraging findings. Fortunately I did not read it until af- 
terward. We followed all of these patients by means of 
yearly angiography and/or Doppler duplex ultrasonogra- 
phy to determine shunt patency, so the patency figures that 
I am reporting are very accurate long-term patency figures. 
We did not perform splenectomy in a single patient in this 
series. I believe that splenectomy in patients with hyper- 
splenism is really unnecessary if portal systemic decom- 
pression is employed. The  hypersplenism is resolved and 
the platelet count rises promptly after portal systemic de- 
compression. 



Role of Protein Kinase A Pathway in Epidermal 
Growth Factor-Induced Liver Cell Repair 
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To gain a better understanding of the mechanisms that control the repair process in the injured liver, the 
actions of epidermal growth factor (EGF) and protein kinase A (PKA) were studied. Normal rat liver 
cells (done 9) were grown to confluence. Standardized excisional wounds were made with a razor blade. 
The extent of hepatocyte migration into the wound was measured and determined at specific time inter- 
vals using a computerized digital analyzing system. Immunostaining of F-actin was performed with a flu- 
orescein-labeled phalloidin. EGF significantly stimulated liver cell migration, whereas specific EGF- 
neutralizing antibody inhibited the EGF-induced migration. Agents that activate PKA at different stages 
of the PKA activation pathway, including 3-isobutyl-l-methylxanthine (IBMX), forskolin, and cholera 
toxin, inhibited EGF-induced migration. EGF triggered formation of actin stress fibers. PKA-activating 
agents inhibited actin stress fiber formation and stretching of cells at the wound margin. The following 
conclusions were drawn: (1) In excisional wounds ofhepatocyte monolayers, both EGF and PKA exert ac- 
tion on actin microfilaments, which are stretched by EGF and inhibited by PKA; (2) the enhanced repair 
of wounded hepatocyte monolayers by EGF is blocked by activation of the PKA pathway at various lev- 
els; and (3) these actions of EGF and PKA indicate their important regulatory roles in controlling the rate 
of hepatocyte nfigration and restitution following the creation of excisional wounds. (J GASTROINTEST 
SURG 1997;1:132-137.) 

Cell migration is an important initial step in the re- 
pair of the injured liver, an organ increasingly sub- 
jected to both surgical and other forms of  trauma. Al- 
though extensive studies have demonstrated that 
several growth factors and hormones play a role in 
liver restitution, the intracellular processes involved 
in its regulation are not well understood.l-8 Cells need 
to communicate with one another to control their 
growth and division and coordinate their functions. 
Cells secrete growth factors and hormones that pro- 
vide a signal to other cells. Second messenger path- 
ways play an important role in this process after 
growth factors or hormones bind to their specific re- 
ceptors. However, the role of protein kinase A (PKA) 
on liver cell migration is unclear. Understanding the 
intracellular signaling processes involved in the regu- 
lation of  liver cell migration is key to developing 
strategies both physiologically and pharmacologically 

that modulate liver restitution. Therefore we exam- 
ined the interactions of  epidermal growth factor 
(EGF)- -a  major stimulator of  hepatocyte migra- 
t i o n - a n d  second messenger pathways in the regula- 
tion of  liver epithelial cell migration in wounded he- 
patocyte tissue cultures. 

M A T E R I A L  A N D  M E T H O D S  
Cel l  Culture  

Liver epithelial (clone 9) cells established from a 
normal liver taken from a 4-week-old Sprague-Daw- 
Icy male rat in 1968 were obtained from American 
Type Culture Collection (Rockville, Md.) at passage 
16. The stock cultures were grown in an atmosphere 
of  5% carbon dioxide at ~7 ~ C in a culture medium 
composed of F12K Kaighn's modification (Life Tech- 
nologies, Inc., Gaithersburg, Md.) with 1260 mg/ml 
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glucose, 292 mg/ml glutamine, 1000 U/ml penicillin 
G, 2.5 I~g/ml amphotericin B, 1000 p~g/ml strepto- 
mycin, and 10% fetal bovine serum (FBS). The cul- 
ture medium was changed every 2 days. The cells 
were subcultured by partial digestion with 0.5 g/L 
trypsin and 0.2 g/L ethylenediaminetetraacetic acid 
in Hanks' balanced salt solution. Normal rat liver cells 
were detached from stock cultures by trypsin diges- 
tion, washed once by centrifugation, resuspended, and 
subcultured in 20 ml medium in cultured flasks at a 
concentration of 5 • 105 cells/ml. 

Migrat ion Studies 

The newly plated rat liver cells were grown to con- 
fluence (4 to 5 days post plating) on 6-well plates. The 
cells were rinsed with F12K solution. Standardized 
excisional wounds (25 ram) were made by scraping 
with a single-edge razor blade as previously de- 
scribed. 9,1~ After scraping, "wounded" monolayers 
were washed with F 12K solution. Suhsequently EGF 
(0 to 120 ng/ml), anti-EGF antibody (0 to 5 mg/ml 
with EGF 30 ng/ml), 3-isobutyl- 1-methylxanthine 
(IBMX; 0 to 1 mmol/L with EGF 30 ng/ml), for- 
skolin (0 to 150 mmol/L with EGF 30 ng/ml), or 
cholera toxin (0 to 100 ng/ml with EGF 30 ng/ml) 
was added. Wounded monolayers were incubated at 
37 ~ C for 24 hours. At the end of the 24-hour incuba- 
tion period, the incubation solution was removed, and 
the cells were fixed in methanol and stained with 
Mayer's hematoxylin staining solution. To verify the 
contribution of DNA synthesis and proliferation to 
the observed liver cell migration, the labeling index 
of bromodeoxyuridine (BrdU) and the mitotic activity 
of liver cells were assessed. BrdU, 0.03 g/ml, was 
added 1 hour before immunostaining to confluent 
liver cells just after wounding on collagen I-coated 
glass coverslips, then fixed in a 3.7% formaldehyde 
solution in phosphate-buffered saline (PBS) for 20 
minutes, and washed with PBS for 10 minutes each 
three times. Then liver cell monolayers were perme- 
abilized in acetone at - 2 0  ~ C for 5 minutes and 
stained as previously described.H The labeling index 
of BrdU and the number of dividing cells were as- 
sessed by counting 1000 cells under the microscope. 
The labeling index of BrdU was determined by se- 
quential measurement of the percentage of BrdU- 
positive cells in the migrating region incubated with 
medium alone and EGF 30 ng/ml every 6 hours until 
24 hours following wound formation. The mitotic 
activity was determined by sequential measurement 
of the percentage of dividing cells (nuclear division) 
incubated with medium alone and EGF 30 ng/ml 
in both the migrating and nonmigrating regions 
under • 100 magnification every 2 hours until 26 

hours following formation of the wound. 
To minimize the effect of cell proliferation and to 

eliminate the contribution of various serum factors 
present in FBS on cell migration, all of the migration 
experiments that follow were carried out in F12K 
buffer solution without FBS. 

Liver epithelial cell migration was measured by 
means of a computerized image analyzer system com- 
posed of a binocular microscope (TMS-F No. 2, 
Nikon, Tokyo, Japan). This was attached to a Macin- 
tosh computer using the NIH Image Program version 
1.58 (National Institutes of Health, Bethesda, Md.) to 
measure the area traveled by the migrating cells. Five 
measurements were taken from each well. To elimi- 
nate potential observer bias, the plates were number 
coded and read by a "blinded" observer who had no 
knowledge of the codes and was not involved in the 
experiments. All of the experiments were repeated 
three to six times to ensure reproducibility. 

Immunofluorescent Labeling of Cytoskeletal 
Elements 

Liver cells were grown to confluence on collagen 
I-coated glass coverslips and wounded as previously 
described. Immunostaining for actin was performed 
as previously described 12 using fluorescein-labeled 
phalloidin, and mounted in a 1:1 solution of PBS and 
glycerol. The distribution of actin microfilaments was 
examined under a Nikon microscope with epifluores- 
cence. 

Statistical Analysis 

Results were expressed as mean __ standard error 
of the mean. Statistical significance of differences be- 
tween mean values was assessed by means of Student's 
t test for unpaired data. All reported significance lev- 
els represent two-tailed P values. 

RESULTS 
Effect of EGF 

The addition of varying doses of EGF resulted in a 
concentration-dependent increase in migration of 
rat liver cells at the wound margin (Fig. 1, A). At 30 
ng/ml EGF concentration, liver cell migration 
plateaued and increasing the EGF concentration to 
greater than 30 ng/ml did not produce a further in- 
crease in liver cell migration. Anti-EGF produced 
marked inhibition of EGF-induced cell migration in a 
concentration-dependent manner. 

Micrographs of the liver cell monolayer shortly af- 
ter wound formation and after 24 hours of migration 
are shown in Fig. 2. There is a sharp demarcation of 
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Fig. 1. A, Effect of varying concentrations of EGF on liver cell 
migration, Confluent liver cell monolayers on plastic plates 
were wounded by scraping with a single-edge razor blade (as 
described in Methods) and incubated in F12K buffer solution 
containing various concentrations of EGE The total area (mm 2) 
of migration (mean --- SEM) between the 3.8 mm width was 
measured using a computerized image analysis system 
(n = 8). B, Effect of neuwalizing anti-EGF antibody on EGF- 
induced liver cell migration or1 plastic plates. EGF 30 ng/ml 
and varying concenn'ations of anfi-EGF antibody were added 
following wound formation (n = 4). 

Fig. 2. Photomicrograph of liver epithelial cell formation im- 
mediately after wound formation (A), 24 hours after wound 
formation with Ft2K medium (B), and 24 hours after wound 
formation treated with EGF 30 rig/m1 (C). (Original magnifi- 
cation • 

the wound site following razor blade scraping as iden- 
tiffed by the linear scratch mark. This line was used 
as the reference point for the measurement of liver 
cell migration. Immediately following wound forma- 
tion, the cells below the margin of the wound appear 
normal and there is no cell migration (see Fig. 2, A). 
The cells are polygonal in shape and tightly packed. 
By 24 hours much of  the wound is covered by the 
confluent epithelial layer (see Fig. 2, B and C). As 
shown in Fig. 2, C, the cells at the migration front are 
more spread out and have a much larger cross-sec- 
tional area than cells far away from the migration 
front or their "native" confluent state. 

The results of the labeling index of BrdU and the 
mitotic activity of liver cells are shown in Table I. The 

labeling index of BrdU began to increase at 18 hours 
after wounding and achieved a 10-fold increase over 
the labeling index at 0 hour. The number of dividing 
cells increased but the range of increase was less than 
0.4%. Thus the cells began to synthesize DNA at 18 
hours after wounding, but division of cells was negfi- 
gible until 26 hours after wounding. 

Ef fec t  o f  P K A  Act ivators  on  Liver  
Cel l  M i g r a t i o n  

Both IBMX and forskolin produced a dose-depen- 
dent inhibition of  liver cell migration (Fig. 3, A and 
B). Cholera toxin also produced a marked inhibition 
of cell migration (Fig. 3, C). 
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Fig. 3. The effects of 3-isobutyl-l-methyLxanthine (IBMX) (A), forskofin (B), and cholera toxin (C) on 
EGF-induced fiver cell migration. The total area of migration is expressed as fractional migration (mean 
+_ SEM) of control monolayers. The fractional migration of control monolayers was assigned a value of 1.0. 

Tab l e  I. Labeling index of  BrdU and number  of  dividing cells 

BrdU (%) 

Medium EGF 

Time (hr) Margin Margin 

Dividing cells (%) 

Medium EGF 

Margin Outside margin Margin Outside margin 

0 1.13 1.13 
2 - -  - -  
4 - -  - -  
6 1.37 1.15 
8 - -  - -  

10 - -  - -  
12 1.26 2.77 
14 - -  - -  
16 - -  - -  
18 1.63 4.76 
20 - -  - -  
22 - -  - -  
24 4.99 10.33 
26 - -  - -  

0.55 0.38 0.54 0.46 
0.68 0.56 0.47 0.38 
0,54 0.56 0.62 0.47 

0.20 0.39 0.84 
0.48 

0.52 0.59 0.65 0.41 
0.59 0.60 0.40 0.29 
0.35 0.50 0.47 0.35 
0.62 0.35 0.66 0.64 
0.70 0.48 0.67 0.50 
0.53 0.44 1.2 0.32 
0.29 0.44 0.20 0.35 
0.56 0.47 0.64 0.72 
0.47 0.49 1.2 0.75 

R o l e  o f  A c t i n  M i c r o f i l a m e n t s  o n  L i v e r  
C e l l  M i g r a t i o n  

Following wounding,  E G F  t rea tment  caused an in- 
crease in the  assembly  o f  act in stress f ibers  wi th  
marked  s t re tching o f  liver cells at the marg in  o f  the 
w o u n d  f ron t  (Fig. 4, A and B). I B M X  a lmos t  c o m -  
pletely inhibi ted fo rmat ion  o f  actin stress fibers and 
stretching of  the cells at the migrat ion front (Fig. 4, C). 

D I S C U S S I O N  

This  study demonstra tes  that  liver cell migra t ion is 
regulated by  several factors including EGF,  the sec- 
ond messenger  pa thway  (pro te in  kinase A), and cy- 
toskeletal e lements  (actin microfi laments) .  W e  found 
tha t  l iver cell m ig ra t i on  and pro l i fe ra t ion  are b o t h  
s t imula ted  by  EGF.  Howeve r ,  cell divis ion did n o t  
take place until  26 hours  after wounding,  indicating 
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PKA. (2) Forskolin, which activates adenylate cyclase 
and increases intracellular cAMR also produced a 
dose-dependent inhibition of liver ceLt migration. (3) 
Cholera toxin, an enzyme that activates stimulatory 
G-protein, also inhibits hepatocyte migration, fur- 
ther demonstrating the suppressive role of adenylate 
cyclase activation, 

Mobility of ceils is influenced to a great extent by 
F-actin. |2 In this study EGF treatment caused an in- 
crease in the assembly of actin stress fibers with 
marked stretching of liver cells at the margin of the 
wound. This suggests that EGF increased the mobil- 
ity of actin microfitaments of liver cells after wound- 
ing. In contradistinction, activation of PKA inhibited 
actin stress fiber formation and stretching of ceils at 
the wound front. 

Fig. 4. hnmunofluorescent localization of liver cell actin mi- 
crofilaments, hnnmnofluorescent localization of actin micro- 
filaments in controls (A), EGF 30 ug/ml (B), and IBMX 1 
mmol/L (C), treated monolayers for 24 hours. (Ori~nal mag- 
nification • 

that liver cell migration alone is the initial response 
to hepatic wounding followed later by celI division. 

Some water-soluble signaling molecules (growth 
factors or hormones) bind to their specific receptor 
on the surface of cells first. The receptor then stimu- 
lates G-protein, which activates adenylate cyclase. ,~  
a result the second nlessenger--cyclic adenosine 
monophosphate (cAMP)--is synthesized from adeno- 
sine triphosphate by adenylate cyclase and cAMP ac- 
tivates PKA. In our study hepatocyte migration was 
inhibited by the activafon of the PKA pathway. This 
was evidenced in the following three ways: (1) IBM_X, 
a potent phosphodiesterase inhibitor that suppresses 
degradation of intracelhatar cAMP, inhibits EGF- 
induced liver cell migration. This finding suggests 
that liver cell migration is restricted by activation of 

C O N C L U S I O N  

V~e conclude that both EGF and PKA exert ac- 
tions on actin microfilaments, which are stretched by 
EGF and inhibited by PKA in excisional wounds of 
liver cells. Th enhanced repair of wounded hepato- 
cyte monolayers by EGF is blocked by activation of 
the PKA pathway at various levels. These actions of 
EGF and PKA indicate their important regulatory 
roles on controlling the rate of fiver ceil migration 
and restitution following creation of incisional 
wounds .  
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Litigious Consequences of Open and Laparoscopic 
Biliary Surgical Mishaps 
James G. Chandler, M.D., C. Randle Voyles, M.D., Tammy L. Floore, B.S.N., 
Lori A. Bartholomew, B.S. 

Three hundred six injuries or complications coincident to 296 laparoscopic cholecystectomies were ana- 
lyzed for the nature and extent of injuries and litigious outcomes that followed. The data were drawn from 
31 member companies of the Physician Insurers Association of America, a trade association that initiated 
the study. The outcomes were compared to 261 contemporaneous open cholecystectomy claims. Biliary 
tract injuries were the most common, accounting for almost two thirds of all injuries. The spectrum of 
cases, originally selected for indemnity potential, reflected relative incidences in the medical literature. 
Laparoscopic injuries were significantly more severe, more likely to result in indemnity, and more apt to 
involve higher mean • standard deviation dollar values ($160 • • 103) to surviving claimants than in- 
juries resulting from open procedures ($106 • 122 • 103, P = 0.01). Injury recognition at the time of the 
original procedure had no discernible mitigating effect because 80% of recognized injuries required an ad- 
ditional operative procedure. Risk-aversive behavior should include paying particular attention to place- 
ment of the first port, more liberal use of the Hasson technique, placement of all other ports under direct 
vision, elimination ofintraoperative anatomic uncertainty, programmed inspection of the abdomen before 
withdrawing the laparoscope, and acquiring sufficient knowledge of electrosurgical principles to ensure the 
safe us e of this potentially dangerous modality. (J GASTaOINTEST SURG 1997; 1:138-145.) 

Because of its phenomenal acceptance over the past 
8 years, laparoscopic cholecystectomy has largely dis- 
placed open cholecystectomy, as well as lithotripsy 
and medical dissolution of gallstones. It has also 
spawned a l a r g e n u m b e r  of reports--42 in 1995 
alone----~at describe complications and injuries coin- 
cident to the performance of laparoscopic cholecys- 
tectomy. The best of these articles cover sizable multi- 
institutional experiences and employed special 
measures to ensure reporting compliance, thereby 
providing reliable incidence estimates.l-4 The next tier 
is characterized by less disciplined but huge case sam- 
ples from a large-scale survey or comprehensive com- 
pilation, providing a broader overview. 5,6 Other arti- 
cles report a skewed perspective, derived exclusively 
from referral centers, providing valuable information 
about details that are important to the success of re- 
medial surgical procedures and sometimes conflicting 
inferences regarding what is happening on the front 
line. 7-1~ Then  there are the "master craftsman" series 
that set standards of excellence, best exemplified by 
the recent publication by Dubois et al.,n the progen- 

itors of  laparoscopic cholecystectomy. All of these ar- 
ticles have largely focused on bile duct injuries, which 
appear to have had a real and persistent increase, even 
though laparoscopic cholecystectomy is said to be 
generally safer in all other ways and is more conve- 
nient than open cholecystectomy. 1,3,s-7,~2,13 Last, there 
are numerous small series and case reports that offer 
scant data and no evidence but raise vexatious ques- 
tions about the true incidence of such things as trocar 
and Veress needle injuries, 14,15 CO2 embolism, 16'17 or 
electrothermal bowel perforation. TM 

The results reported herein are based on claims data 
from 1989 to 1993 compiled by the Physician Insurers 
Association of America (PIAA), which is a trade associ- 
ation that is now supported by 53 physician- and den- 
tist-owned member companies. An original analysis of 
these data was completed in 1994 and distributed to 
member companies and other interested organizations 
as a pamphlet entitled "Physician Insurers Association 
of America Laparoscopic Procedure S t u d y .  "19 The 
claims data have been revisited now that more claims 
have been settled, the nature of the precipitating in- 
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juries has been better defined, and claims data have 
been collapsed into patient-specific data when appro- 
priate. This article dearly belongs among the "skewed 
perspective" reports but, as such, it is uniquely reveal- 
ing because its original case selection was based on 
plaintiff's bar appraisal of the likelihood that an indem- 
nity payment might eventuate. 

MATERIAL AND M E T H O D S  

In 1993 thirty-one insurance companies submitted 
331 survey forms covering individual claims arising 
from laparoscopic cholecystectomies performed be- 
tween January 1989 and June 1993. The survey was 
completed in August 1993, at which time only 30% 
of claims had been resolved. In addition to indemnity 
and demographic data, the forms documented the in- 
dication for the operation, performance of intraoper- 
ative cholangiography, description of the injury, 
whether or not the injury was recognized during the 
original procedure (defined by the patient having left 
the operating room), and a National Association of 
Insurance Commissioners (NAIC) severity index 
code. 2~ The NAIC code is commonly accepted 
throughout the United States insurance industry as a 
measure of severity in personal injury cases. It takes 
into account both the nature of the original injury and 
the outcome, assigning code scores ranging from 1 to 
9 (Table 1). 

In 1996 the PIAA requested that contributing mem- 
ber companies update the study's claims information, 
which more than doubled the number of claims with 
known resolution status. The association also permit- 
ted the authors to review the survey forms, deleting 
only the names of the reporting companies. Twenty- 
five of the original 331 forms were not available for re- 
view. The injury descriptions, occasional comments 
about cause, the injury site relative to the immediate 
operative field, and whether or not the injury was dis- 
covered during the original procedure, when taken to- 

Table I. NAIC severity index code 

Injury/outcome Code 

Emotional injury only 1 
Insignificant injury 2 
Minor temporary injury 3 
Major temporary injury 4 
Minor permanent injury 5 
Significant permanent injury 6 
Major permanent injury 7 
Quadriplegic, brain damage, lifelong care 8 
Death 9 

gether, allowed us to divide biliary injuries into three 
classes of severity and to define the causes of injury 
with minimal residual uncertain~. Although the 1994 
PIAA analysis compared noncontemporaneous open 
cholecystectomies with laparoscopic procedures, suffi- 
cient data had now accumulated in their ongoing study 
of open cholecystectomies and other general surgical 
procedures to allow selection of a 1989 to 1993 open 
cholecystectomy cohort. 

Data were analyzed using the Statistical Analysis 
System (Cary, N.C.). Chi-square analysis was used to 
compare proportions, and the relationship between 
outcome variables and various covariates was modeled 
using linear logistic regression analysis. 21 

RESULTS 
Demographics  

Three hundred six laparoscopic claims originated 
from 296 claimants, and 261 open cholecystectomy 
claims stemmed from approximately 250 claimants. 
The mean age _ standard deviation of the laparo- 
scopic group was 43 + 15 years with a range of 15 to 
82 years. The age range for the open cholecyste~a;)my 
patients was identical, and the mean age was almbs~ 
the same (44 _+ 15 years). Women comprised the ma- 
jority of both groups but they were significantly more 
predominant among the laparoscopic patients (83 % 
vs. 66%, P = 0.001). 

Indemnity Payments Accruing from 
Laparoscopic vs. Open  Cholecystectomies 

Fig. 1 shows the frequency distribution of NAIC 
scores for open and laparoscopic cholecystectomies. 

40 

30 

10 

0 ~ 
1 2 3 4 5 6 7 8 9 

NAIC Score 

Fig. 1. Frequency distribution of National Association of In- 
surance Commissioners (NAIC) severity index code scores 
among laparoscopic and open cholecystectomy claimants. 
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Table IL NAIC scores and claims outcomes for laparoscopic and open cholecystectomies 

Parameter Laparoscopic Open P 

No. of claims 
NAIC score (mean + SD excluding 9) 
Unresolved claims 
Closed without payment 
Closed with payment 
Surviving claimants (mean _+ SD) 
Deceased claimants (mean + SD) 

306 261 - 
4.8 + 1.8 4.0 +_ 2.2 0.0003 
84 (27%) 59 (23%) ] 

107 (35%) 122 (47%) ~ 0.017 
115 (38%) 80 (31%) 

$160 ___ 154 • 103 $106 + 122 • 103 0.01 
$223 ___ 171 • 103 $238 + 291 • 103 0.88 

Table IlL Biliary tract injuries 

Injury No. 
Cholangiogram Recognized NAIC score* 

(%) (%) (mean _+ SD) Deaths 

Minor laceration and bile leak 100 
Clip encroachment or stricture 31 
Transection/resection 70 

TOTAL 201 

41 23 4.1 +_ 1.0 5 
31 17 4.5 + 1.0 2 
42 22 4.6 + 1.0 3 
40 22 4.3 + 1.0 5% 

*Excludes NAIC score of 9 (death). 

T h e  distributions were significantly different (P = 
0.010) in the open group, driven primarily by the 
higher percentage of deaths. W h e n  the 32 deaths 
(11%) in the laparoscopic series and the 49 deaths 
(20%, P = 0.010) in the open series were excluded, 
the mean NAIC score for surviving laparoscopic 
claimants exceeded that  for open cases (Table II). 
Claims of surviving laparoscopic litigants were more 
likely to be resolved with payment and less likely to 
be resolved without  payment  than those of open 
cholecystectomy survivors. Mean awards to surviving 
laparoscopic claimants were, on average, 1.5 times 
those paid to surviving open procedure claimants. In- 
demnity payments for death, on the other hand, were 
statistically equivalent for the two groups. 

Injury R e c o g n i t i o n  and  Outcome 

Seventy-five percent of the injuries associated with 
laparoscopic eholecystectomy were not  recognized 
before the patient left the operating room, but unrec- 
ognized injuries were not  associated with a signifi- 
cantly greater likelihood of fatal outcome or with a 
significantly higher probability of indemnity payment 
to surviving claimants. A confounding factor was that 
some recognized injuries were not repaired or were 
repaired in a suboptimal manner; as a consequence, 
fully 95% of laparoscopic injuries resulted in a need 
for at least one additional surgical procedure. 

Biliary Tract Injuries 

There  were 201 biliary tract injuries (Table III) ac- 
counting for almost two thirds of all alleged mishaps. 
Patients incurring biliary tract injuries were, on aver- 
age, younger (mean age 40 • 13 years) than those with 
other injuries (mean age 49 • 16 years, P = 0.0001). 
Biliary injuries, in general, or resection/transection 
injuries, specifically, were not  significantly more com- 
mon  in patients who had acute cholecystitis as the in- 
dication for their operations and were equally likely 
to occur whether  or not  cholangiography was per- 
formed. However, the latter observation cannot be in- 
terpreted in a meaningful way because the timing and 
quality of the cholangiograms were not stated. 

Indemnity payments were significantly more likely 
for more serious biliary tract injuries--that is, minor  
lacerations and bile leaks involved payment in 34% of 
settled claims, clip encroachment  and strictures re- 
quired payment in 60%, and transections/resections 
involved payment in 78% (P = 0.001). Awards scaled 
upward from $124 • 138 • 103 to $221 _+ 179 x 103 
for the least and most  severe injuries, respectively 
(e = 0.048). 

Vascular Injuries 
Twenty-one vascular injuries occurred in 18 pa- 

tients, as shown in Table W. Eighteen (86%) of these 
were major vascular injuries, including one near-tran- 
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Table I~. Vascular injuries 

N M C  score* 
Structure injured Trocar Recognized Fatal (mean __ SD) 

Aorta 6 4 2 4.3 -+ 1.0 
C o m m o n  iliac artery 9 6 2 4.5 - 0.8 
Inferior vena cava 2 1 2 - -  
Inferior epigastric artery 1 0 0 4 
Mesenteric  vessels 3 2 2 2 

TOTAL 21 57% 24% 4.0 + 1.2 

*Excludes NAIC score of 9 (death). 

Table V. Electrothermal and nonvascular trocar injuries 

NAIC score* 
Structure injured Trocar Electrothermal Recognized Fatal (mean _+ SD) 

Stomach 1 0 1 0 5 
Hepat ic  duct 0 1 0 0 5 
C o m m o n  bile duct I 4 0 0 4.2 _ 0.4 
Duodenum 1 4 0 3 4.5 __- 0.7 
Small bowel 15 - (x)t (x) 2 3 4.7 ___ 1.2 
Colon 5t  (x) 2 1 3.8 __- 0.5 
Urinary bladder 1 0 1 0 6 
Remote  skin 0 3 1 0 3.7 ___ 0.6 

TOTAL 24 -- (x) 12 + (x) 20% 21% 4.4 _ 1.0 

*Excludes NAIC score of 9 (death). 
tIncludes small but unknown number of electrothermal injuries (x). 

section of  the superior mesenteric vein. Introduction 
of  the first por t  trocar appeared to be the cause in 
every instance. Two inferior vena cava injuries oc- 
curred in association with two of  nine common iliac 
artery injuries; both patients died. Patients with rec- 
ognized aortic and common  iliac artery injuries all 
survived, with the exception of one case in which the 
inferior vena cava was also injured and, incidentally, 
adjacent colon and mesentery as well. 

E l e c t r o t h e r m a l  and  N o n v a s c u l a r  
T r o c a r  In ju r i e s  

Thirty-six nonvascular injuries were caused in 34 
patients by one or the other of these modalities (Table 
V). There  were 26 gastrointestinal injuries, most  of 
which were puncture wounds, except for the duode- 
num,  which was usually thermally injured. All five 
duodenal lesions were not recognized during the orig- 
inal procedure,  even though one duodenal  injury, 
which also involved the common bile duct, was dearly 
stated to have been caused by a trocar. Three  of four 

electrothermal duodenal injuries were fatal. Usually 
the other gastrointestinal lesions were easily assigna- 
ble as puncture wounds caused by a trocar (or, rarely, 
a Veress needle) because they were clearly lacerations 
that leaked early, as opposed to late-presenting per- 
forations; these lesions were in the ileum or sigmoid 
colon or they were injuries associated with major vas- 
cular puncture wounds. However, one colon perfora- 
tion and several intestinal perforations at unspecified 
sites may have been stray current or laser beam in- 
juries as indicated in Table V. 

Most of the electrothermal injuries seemed to have 
been in the expected field of vision. With the excep- 
tion of the hepatic duct injury, they were either not  
recognized or were apparently thought  to be innocu- 
ous surface bums. Similarly, only one of three remote- 
skin electrothermal injuries was recognized, even 
though they were all in areas that were readily visible 
once the drapes had been removed; these injuries were 
situated on the face near the nose (recognized), on the 
chin, and on the external aspect of one arm. 

Thirty-eight percent of 31 resolved claims result- 
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ing from electrothermal or trocar injuries (including 
vascular) involved indemnity payment, which was no 
different from the 37% payment incidence for other 
types of injuries. Mean payments associated with elec- 
trothermal and trocar injuries were $142 + 118 • 103 
and $216 • 171 • 103, respectively, and were not sta- 
tistically distinguishable from each other or from those 
associated with other injuries ($162 • 158 • 103). 

Miscellaneous Injuries and Complications 

These 47 injuries and complications had a collec- 
tive mean NAIC score of 3.8 + 1.1 (exclusive of scores 
of 9), which was not significantly different from the 
NAIC mean scores for the injuries described in Ta- 
bles III and I~. These miscellaneous injuries and com- 
plications contributed a proportionate share (n = 7) of 
the 32 laparoscopic cholecysteetomy deaths. Half of 
this group comprised 24 nonfatal and fatal myocar- 
dial infarctions, pulmonary infections, and other com- 
plications that bore only an indirect relationship to 
the performance of the procedure. The remainder in- 
cluded six instances of retained common bile duct 
stones, eight gallbladder hemorrhages, six cases ofun- 
retrieved stones within the peritoneal cavity, a nonfa- 
tal probable CO2 venous embolism, and a port her- 
nia. Eighty-one percent of these claims remained 
unresolved or were settled without indemnity pay- 
ments. Indemnity payments were required in only 
19% of dosed miscellaneous group claims, as opposed 
to 41% for all other injuries (P = 0.005), and the mean 
payments were significantly less ($48 _+ 59 • 103 vs. 
$181 __. 160 • 103; P = 0.005). 

DISCUSSION 

Laparoscopic cholecystectomy is a different opera- 
tion from open cholecystectomy in several respects. 
The initial penetration of the peritoneum is usually 
not directly visualized, and dissection and hemostasis 
are largely energy based rather than relying on scis- 
sors and ligatures. Laparoscopically, caudal traction 
on the duodenum to open the triangle of Calot can- 
not be applied effectively. The target site for separat- 
ing the gallbladder from the extrahepatic biliary sys- 
tem is the junction of the infundibulum of the 
gallbladder and the cystic duct rather than close to the 
merger of the cystic duct with the hepatic duct, as was 
traditionally practiced.11,2~ Magnification, superior il- 
lumination, and distention of the peritoneum provide 
better exposure and a better view of the field of inter- 
est albeit almost always two dimensional, than can 
usually be achieved in open celiotomies. Despite the 
better view and not needing to dissect the cystic-he- 
patic duct junction, energy-based dissection in a less 
splayed out triangle of Calot appears to pose more 

risk of injury to adjacent structures than was experi- 
enced in open cholecystectomies. 6 

The special skills and experience required for la- 
paroscopic surgery have stimulated the formation of 
new surgical societies and have been a major factor in 
the revitalization of others. In a similar manner, 
recognition of the hazards inherent to port establish- 
ment and reliance on energy-based dissection, along 
with numerous published reports of biliary tract in- 
juries, have stimulated the establishment of at least 
one special-interest group within the American Trial 
Lawyers Association devoted to laparoscopic proce- 
dures in general and to laparoscopic cholecystectomy 
in particular, z3 To examine the hypothesis that the 
plaintiff's bar, in selecting cases based on their poten- 
tial for indemnity compensation, might emphasize 
certain injuries to the extent that they would be over- 
represented in the present series, a surrogate for inci- 
dence was developed. The incidences of various in- 
juries in the literature and the distribution of injuries 
in this report were normalized by dividing all figures 
by the number of biliary tract injuries characterizing 
each source, creating a relative incidence quotient for 
each injury (Table VI). The incidence used for the lit- 
erature divisor was taken from the comprehensive re- 
view by Strasberg et al. 6 Literature citations for inci- 
dences of other injuries were not as well validated and 
usually depended on relatively few injuries 1-3,24,25 with 
the notable exception of the massive survey by Deziel 
et al. s Articles that dealt mainly with laparoscopic pro- 
cedures other than laparoscopic cholecystectomy 
were excluded. The relative incidences in this series 
and in the literature were remarkably concordant, dif- 
fering by a factor of two or less, with the exception of 
urinary bladder punctures, which involved only a sin- 
gle injury from each source. The  plaintiff's bar ap- 
pears to have brought injury allegations forward that 
mirror the relative incidence of laparoscopic chole- 
cystectomy injuries as they are represented in the 
medical literature. 

Nevertheless, the prosecution of alleged injuries on 
behalf of surviving claimants has been more successful 
following laparoscopic cholecystectomies than fol- 
lowing open cholecystectomies. Claims of surviving 
laparoscopic litigants were significantly more likely to 
be settled with payment, and the payments were sig- 
nificantly larger than those made to surviving open- 
procedure claimants. The rationale for separating out 
indemnity payments to decedents was based on the 
premise that these awards were mainly influenced by 
lost potential earnings and the financial impact on the 
beneficiaries rather than reflecting the extent of neg- 
ligence and injury inflicted on the patient. Since there 
was a significantly higher death rate among the open 
cholecystectomy patients, and payment amounts on 
behalf of dead claimants were high and equal in both 
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Table VI. Laparoscopic cholecystectomy injury relative incidence 

Relative incidence normalized 
to biliary injury 

Literature incidence Literaturet Current  series 
Injury per 1000" (8.5/1000) 6 (201) 

Biliary tract injuries (6) 1.0 
Minor biliary 3.3 (6) 0.39 
Transection/resection 4.6 (3,5,6) 0.54 

Major vascular 0.46 (5,14,24) 0.05 
Stomach 0.06 (5) 0.007 
Duodenum 0.16 (5,24) 0.02 
Small bowel 0.35 (5,24) 0.04 
Colon 0.44 (2,5,24) 0.05 
Urinary bladder 0.01 (5) 0.001 
Trocar (Veress) puncture 2.7 (22,24,25) 0.32 
Electrothermal 0.43 (1,22) 0.05 

1.0 
0.50 
0.35 
0.10 
0.005 
0.03 
0.08 
0.03 
0.005 
0.22 
0.06 

*Numbers in parentheses are references cited. 
tCalculated from average of referenced values. 

groups, analyzing the data together would have ob- 
scured the significant differential in payments to sur- 
viving claimants. 

In common with other reports, biliary tract injuries 
showed a biphasic distribution with substantial num- 
bers of both minor  injuries and major transections/re- 
sect ions .  2,5,6,s It  was assumed that recognizing a bile 
duct  injury during the course of the procedure in 
which it occurred should have a mitigating influence 
on its litigious outcome, but such was clearly not  the 
case. Closure without indemnity was no more likely 
for recognized injuries, and indemnity payments for 
injuries that were recognized and for those that were 
not  were statistically identical. The  major perturbing 
factor was failure to adequately treat the biliary tract 
injury, even if it was recognized, as has been reported 
by others. 9,1~ Inability to detect  a salubrious effect 
from prompt  recognition was true, not  just for biliary 
tract injuries but for the entire series. The  likely con- 
founder was again unsuccessful remedial actions be- 
cause 25 % of  the injuries were recognized during the 
original procedure, yet 80% of  these same patients 
had to undergo at least one additional operative pro- 
cedure. We draw the same conclusion as Stewart and 
Wayg: that a surgeon causing an injury must  subordi- 
nate pride and fear of litigious consequences to 
putting the patient in a situation where he or she can 
receive the best care. 

Most  of  the puncture  wounds listed in Table V 
were actually caused by trocars, as judged by the mag- 
nitude of the hole or laceration, but some small bowel 
wounds were probably Veress needle punctures. The  
Veress needle was described in 1938 ~6 and it has en- 
joyed widespread use but is not  fail-safe. The  Hasson 
technique, 27 described in 1971, is generally advocated 

for establishment of the initial port  in patients who 
have had previous abdominal surgery, but  is not  
widely used for previously unentered abdomens, with 
the possible exception of pediatric laparoscopic pro- 
cedures. 2~ "Safety" trocars with spring-loaded sheaths, 
designed to work like the Veress needle, covering the 
sharp end of  the trocar once it passes into the peri- 
toneal cavity, are also not  fail-safe. In fact, those with 
relatively thick plastic shields have been specifically 
implicated in trocar injuries because of the extra ef- 
fort needed to push the shield through the transver- 
salis fascia and peritoneum. ~5 

Electrothermal injuries are particularly vicious be- 
cause even if they are noticed, the depth of injury is 
difficult to assess and perforation of a viscus or bile 
duct  typically occurs only after several days have 
elapsed. 1829,3~ In the case of electrothermal injuries of 
the biliary tract, perforation may not occur at all, and 
the result may instead be late stricture. 31 Electrother- 
mal wounds produce coagulation necrosis and are eas- 
ily distinguished from puncture wounds experimen- 
tally, but  not  necessarily after delayed clinical 
presentation. 32 As a consequence, a few of the punc- 
ture wounds listed in Table IV were actually elec- 
trothermal injuries. Similarly, we cannot be certain 
that all of the electrothermal injuries were due to elec- 
trosurgery because some may have been from the use 
of lasers, particularly early in the series. However, the 
majority of cases were accrued later, when it was ap- 
parent  that lasers were more  expensive, more haz- 
ardous, and no more effective than electrosurgery. 33,34 

Electrosurgery is widely used but poorly under-  
stood. 29,35 T h e  field is burdened with imprecise ter- 
minology derived from its early grounded-circui t  
days. "Monopolar" and "bipolar" currents are both 
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actually bipolar, the differentiation being proximity or 
remoteness of the two poles and their size equivalency 
or disparity. "Cut" current will coagulate (desiccate), 
and "coag" current will CUt. 36 Laparoscopic electro- 
surgical injuries can largely be avoided by judicious 
u s e .  28'36 The wattage should be set as low as it can be 
to still be effective. Most surgeons prefer "coag" cur- 
rent because it is more hemostatic, but "coag" current 
has an intermittent waveform, being off more than it 
is on, necessitating higher voltage than that needed 
for comparable wattage "cut" current. 36 Higher volt- 
age is sometimes necessary, as an example, for non- 
contact fulgeration, but should generally be avoided 
because it increases the potential for arcing to non- 
target tissue. Newer generators, manufactured by Val- 
leylab Inc. (Boulder, Colo.) and Erbe (Tiibingen, 
Germany, and Marietta, Ga.), constantly monitor im- 
pedance or voltage to maintain the preset wattage 
over a broad range of impedance, enabling lower 
wattage settings than needed for generators not hav- 
ing this instantaneous response. 37 

Most electrosurgical injuries are caused by isolated 
current paths that focus current density where it is not 
wanted, for example, cystic duct stump-to-common 
bile duct, or by inadvertent contact or sparking to ad- 
jacent structures. Some electrosurgical injuries, how- 
ever, are due to stray current discharges from insula- 
tion defects or capacitive coupling, which can be 
eliminated by use of actively shielded monopolar elec- 
trodes (Electroscope, Boulder, Colo.), as recommended 
by the Emergency Care Research Institute (ECRI)  38 
and others, 29,35 or by use o f  bipolar current. 30'36'39 

C O N C L U S I O N  

This series has shown that the specmma of injuries 
coincident to laparoscopic cholecystectomy that has 
attracted the attention of personal injury lawyers is the 
same as that recorded in the medical literature, but is 
more likely to result in indemnity payments to surviv- 
ing laparoscopic claimants than are injuries from open 
cholecystectomies. Should an injury occur in the 
course of laparoscopic surgery, its recognition has lit- 
tle impact, unless the injury is treated adequately. 
There are reasonable steps that can be taken to avoid 
many of these injuries. Risk-aversive measures should 
include use of proper technique when placing the first 
port, more liberal use of the Hasson technique, place- 
ment of all other ports under direct vision, elimination 
of intraoperative anatomic uncertainty, programmed 
inspection of the abdomen before the laparoscope is 
withdrawn, and sufficient knowledge of electrosurgical 
principles to ensure the safe use of this effective but 
potentially dangerous modality. 
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Discussion 
Dr. S. Strasberg (St. Louis, Mo.). I would like to em- 

phasize a point that was not discussed because of time con- 
straints. Of  the 17 patients who had a major vascular injury, 
eight died. None of the patients who had a major vascular 
injury had the first port placed by the Hasson technique; in 
all of  them the first port was placed by the Veress needle 
technique. Therefore this type of injury is completely pre- 
ventable if the Hasson trocar technique is used, according 
to this report. I think there is a lesson here for all practi- 
tioners and educators. Only one biliary injury was described 
as "cautery associated." This seems somewhat low. Is it pos- 
sible that there were other cautery-associated injuries that 
were not specifically recognized as such in the biliary injury 
group? Was there any litigation associated with a puncture 
or cautery injury to the bowel when the Hasson technique 
was used? Do you have any way of estimating the national 
incidence of this injury from your data? 

Dr. J.G. Chandler. Some of the strictures of the biliary 
tract in the "clip encroachment or stricture" group were 
probably consequent to electrothermal injuries. I am sure 
we are underestimating the number of biliary electrother- 
mal injuries. There were no injuries that were noted as be- 
ing consequent to the Hasson technique, but I do not know 
how often the Hasson technique was actually used. The  
overall incidence of trocar puncture injuries is incredibly 
variable. There is one recent report citing only 20 cases 
ever being reported--it is obviously something people do 
not want to write about. I do not have any figures. 

Dr. L. IJ~y (San Francisco, Calif.). These are important 
epidemiologic data regarding the complications of laparo- 
seopic cholecystectomy, and I suspect that analyses of med- 
ical negligence at this level will provide a useful overview 
of the case distribution, which will lead to a better under- 
standing of the legal side of these events and will help indi- 
cate where to concentrate efforts at prevention. I would be 
cautious, however, in drawing conclusions concerning cau- 
sation from data such as these. We have been studying cau- 
sation of laparoscopic bile duct injuries for several years and 
have learned that the phenomenon is much more complex 
than originally suspected, and that the more information 
available, the more accurate the conclusion. The authors of 
this report did not have access to any of the following: (1) 
complete medical records, (2) initial and later operative 
notes, (3) pathologic findings, (4) autopsy reports, (5) video- 
tapes of the operations, or (6) recollections of those who 
were direcdy involved (i.e., depositions). Under the cir- 
cumstances, the mechanisms of injury would of necessity 
be speculative in most cases. So, although the recommen- 
dations are plausible and reasonable, they cannot be derived 
with confidence from the data. For example, in our review 
of bile duct injuries, we found little evidence of damage at- 
tributable to stray electrosurgical current. The injuries that 
involved electrocautery could virtually all be explained by 
direct contact of the injured tissue with an active electrode. 
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A prospective study was undertaken to determine whether the use of laparoscopy plus laparoscopic ul- 
trasound examination can avoid unnecessary laparotomy, without missing potentially curable disease, in 
patients scheduled for curative liver surgery. Thirty-one consecutive patients who underwent surgery for 
planned curative liver surgery were prospectively evaluated by means of both laparoscopy plus laparo- 
scopic ultrasound and laparotomy with intraoperative ultrasound. Laparoscopic ultrasound examination 
of the liver could not be performed in two patients, and in two other patients only partial examinations 
were possible because of dense adhesions. All patients underwent laparotomy with intraoperative ultra- 
sound. A total of 50 malignant lesions were identified by laparoscopic ultrasound. All of these lesions 
were confirmed to be malignant at laparotomy with intraoperative ultrasound, that is, there were no false 
positive results. An additional four malignant lesions in four patients were not seen at laparoscopic ul- 
trasound examination but were identified at laparotomy with intraoperative ultrasound (sensitivity 93 %, 
specificity 100%, positive predictive value 100%, negative predictive value 85%). Based on the laparo- 
scopic ultrasound findings, nontherapeutic laparotomy could have been avoided in 10% of our patients. 
Laparoscopy with Iaparoscopic uItrasound is a promising technology that may allow some patients to 
avoid a nontherapeutic laparotomy without significant risk of missing potentially curable disease. (J GAS- 
TROINTEST SURG 1997; 1 : 146-151.) 

Most patients in whom curative operations for he- 
patic tumors are attempted undergo preoperative 
imaging studies such as ultrasound, C T  of  the ab- 
domen, C T  portography, and occasionally angiogra- 
phy. This approach has a sensitivity of 85% for the 
detection of hepatic metastasesJ The  current gold 
standard for determining resectability of hepatic tu- 
mors involves laparotomy with visual and manual in- 
spection plus intraoperative ultrasound (IOUS) ex- 
amination of the liver. Using this approach, which has 
a sensitivity of 96%, additional lesions are sometimes 
found that may preclude curative surgery. 2-s IOUS 
also provides additional information regarding rela- 
tionships between tumors and vessels, which may aid 
in planning the surgical approach. 

Laparoscopy with intraoperative ultrasound (LAP- 
US) is a relatively new technology whereby IOUS ex- 

amination can be performed through 10 mm laparo- 
scopic ports without the need for a laparotomy. Pa- 
tients who undergo laparoscopy only can usually be 
discharged from the hospital either the same day or 
the day after surgery. Patients who undergo laparo- 
tomy for assessment of resectability, but no resection, 
generally remain in the hospital for approximately 7 
days after surgery. 6 Laparoscopy has other well-rec- 
ognized benefits such as less postoperative pain and 
more rapid return to normal activities. These benefits 
are particularly important with respect to the quality 
of life of  patients with unresectable liver malignancies 
who generally survive only 6 to 12 months. 7 The cur- 
rent study was designed to determine whether the use 
of laparoscopy plus LAP-US can avoid unnecessary la- 
parotomy, without missing potentially curable disease, 
in patients scheduled for curative liver surgery. 
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METHODS 

Thirty-one consecutive patients scheduled for po- 
tentially curative liver surgery (hepatic resection or 
cryosurgery) for malignant disease were studied from 
January 1994 to March 1996 (Table I). A predete r- 
mined protocol for management has been devised. 
Preoperative imaging studies used to select patients 
for surgery included abdominal ultrasound, abdomi- 
nal CT, abdominal C T  portography, and chest CT. 
Predetermined criteria for hepatic resection and 
cryosurgery are oudined in Table II. The  study team 
in the operating room consisted of the surgical team, 
an interventional radiologist, and an ultrasound tech- 
nician. 

According to the protocol, the operative manage- 
ment for all patients included initial laparoscopy using 
a 30-degree laparoscope with dissection of adhesions 
and visual inspection of the abdomen. The  falciform 
ligament was divided to allow the ultrasound probe to 
sweep over the entire surface of the liver. A LAP-US 
examination of the liver was then performed. The  ul- 
trasound probe used was the Bruel & Kjaer model 
3535 (Bruel & Kjaer Instruments, Inc., Marlborough, 
Mass.), which has a convex array with color Doppler 
and multifrequency capability (5.0, 6.5, and 7.5 MHz). 
The  tip of the probe can be flexed and hyperextended 
to allow effectual contact with the entire surface of the 
liver. In the first few patients, three 10 mm laparo- 
scopic ports were used; however, we subsequently 
found that only two 10 mm laparoscopic ports were 
necessary (Fig. 1), allowing acquisition of sagittal and 
transverse images (Figs. 2 and 3). If suspicious lesions 
were identified that would preclude curative surgery, a 
laparoscopic biopsy, either direct or ultrasound guided, 

Table I. Characteristics of liver tumors in 31 patients 

Metastatic colorectal carcinoma 26 
Hepatoma 3 
Metastatic leiomyosarcoma 1 
Cholangiocarcinoma 1 

was performed. All patients without biopsy-proved 
disease precluding curative surgery proceeded to la- 
parotomy with conventional IOUS examination and 
palpation of the liver. The  probe used was the Bruel 
& Kjaer model 8544, which is a convex array sector 
probe with color Doppler and multifrequency capa- 
bilities. IOUS-guided biopsies were performed if sus- 
picious lesions were identified that would preclude cu- 
rative surgery or alter the planned procedure. 

All lesions identified in the liver by means of LAP- 
US and IOUS were classified as either malignant or 
benign on the basis of ultrasonographic characteris- 
tics or biopsy results if available. According to ultra- 
sound characteristics, most focal hepatic masses are 
nonspecific in appearance, with a wide differential di- 
agnosis. There are, however, a few benign processes 
that have fairly characteristic appearances. A simple 
hepatic cyst is a well-defined hypoechoic structure 
without internal echoes, with a well-defined back wall 
and acoustic enhancement. Focal fatty infiltration is 
fairly classic predominantly in terms of its location. 
Typically this lesion is located just anterior to the por- 
tal vein and has a geographic appearance that is either 
hypoechoic within an otherwise hyperechoic fatty 
liver or hyperechoic within an otherwise normal liver. 

10 mm laparoscopic 
/ ports 

\ / 
Fig. 1. Port position for LAP-US examination. 

Table H. Predetermined criteria for cryosurgery and hepatic resection 

Cryosurgery Hepatic resection 

No evidence of extrahepatic disease 
Four or fewer lesions 
No lesions >6 cm in diameter 
Lesions not within the confines of a segmental 

resection, formal lobectomy, or trisegmentec- 
tomy, with a minimum I cm resection margin 

Presence ofcomorbid conditions precluding 
planned resection 

No evidence of extrahepatic disease 
Four or fewer lesions 
All lesions within the confines of a segmental resection, 

formal lobectomy, or trisegmentectomy, with a minimum 
1 cm resection margin 

No comorbid conditions precluding planned resection 
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Table III. Reasons for nonsurgical management 

Patient No. Description 

2 
13 
24 
26 
27 
29 

Metastatic peripancreatic lymph node 
Eight metastases* 
Tumor invading porta hepatis* 
Pelvic recurrence 
Metastatic portal lymph node* 
Pelvic recurrence 

*Identified at LAP-US examination. 

Fig. 2. LAP-US transverse image of liver at the confluence of 
the hepatic veins. 

Fig. 3. LAP-US image of two colorectal liver metastases. 

Hemangiomas are typically round hyperechoic solid- 
appearing masses. They  are often peripherally located 
and their features may he enhanced through trans- 
mission. 

For the purpose of  data interpretation, the gold 
standard used was a combination of laparotomy plus 
IOUS and palpation of the liver with biopsy when ap- 

propriate.  Pathologic examination of the resected 
specimen was not  used as the gold standard for two 
reasons. First, five patients in the series had cryo- 
surgery and only needle biopsies were performed. In 
addition, in those patients in whom hepatic resections 
were performed, only a portion of the liver was re- 
sected and thus the remaining liver was not available 
for pathologic examination. The  resected specimens 
were examined by means of standard pathologic ex- 
amination (1 cm sections) and the results correlated 
with laparotomy and IOUS findings. 

R E S U L T S  

LAP-US was not  possible in two patients because 
of dense adhesions. Two other patients underwent  
only partial LAP-US examinations because of  ad- 
hesions. M1 patients underwent IOUS examinations 
and thus acted as their own control subjects for LAP- 
US. Results of standard patholo~c examination of re- 
sected specimens correlated perfectly with I O U S  
findings and palpation, that is, no additional lesions 
were found and all resected rumors were malignant. 
Six patients were found to have disease that was not 
amenable to resection or cryosurgery (Table III). 
Three  of these patients (10% of  all patients) were 
identified by means of LAP-US, and thus nonthera- 
peufic laparotomy could have been avoided. T h e  pa- 
tient with the metastatic peripancreatic lymph node 
was the second patient in our series. This is an area 
that is generally well seen with LAP-US and the le- 
sion would likely have been detected as we have 
gained experience with this technique. There  were 
two patients with recurrent rumors in the pelvis fol- 
lowing previous anterior resection of the colon that 
were not detected by means of laparoscopy and LAP- 
US. Our protocol did not  include extensive dissection 
of lower abdominal adhesions because of time con- 
straints, and the pelvis was therefore not  examined 
laparoscopically. T h e  procedures performed in the 
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remaining 25 patients are oudined in Table IV. Using 
the criteria previously described for classifying lesions 
as either benign or malignant, 50 malignant lesions 
were identified at laparoscopy with LAP-US and con- 
firmed at laparotomy with IOUS. Four lesions in four 
patients were identified at laparotomy with IOUS but 
not at laparoscopy with LAP-US, thus providing a 
sensitivity of 93% for LAP-US in this series (Table 
V). The details of the lesions that were missed by 
LAP-US are outlined in Table VI. Regarding the le- 
sions not detected at LAP-US, there were no result- 
ing alterations in the planned surgical approach in any 
of these patients. 

Table IV. Procedures performed in remaining 2 5 
patients 

Right lobeetomy 7 
Left lobectomy 1 
Left lateral segment resection 2 
Trisegmentectomy 4 
Segmental resection 6 
Cryosurgery 5 

Table V. Sensitivity and specificity of LAP-US for 
malignant lesions 

Laparotomy with IOUS 
+ 

50 0 

4 23 

Sensitivity = 93%; specificity = 100%; positive predictive value = 
100%; negative predictive value = 85%. 

DISCUSSION 

Despite 5-year survival rates of 25% to 45% fol- 
lowing hepatic resection for malignant disease, many 
patients still die of recurrent tumor. Many of these re- 
currences appear in the liver, suggesting that occult tu- 
mor was present at the time of the original resection, s 
These data have led to the development of more sen- 
sitive and specific imaging modalities to aid in the se- 
lection of patients for aggressive surgical therapy. Most 
hepatic surgeons use laparotomy with IOUS as the 
gold standard to select patients for curative surgery. 9 

Other groups have shown that laparoscopy plus 
LAP-US examination provides information that may 
preclude resection in up to 46% of patients. 1~ We 
have chosen to compare laparoscopy plus LAP-US 
with the current gold standard, laparotomy with 
IOUS, to determine the sensitivity and specificity of 
laparoscopy plus LAP-US. Our data suggest that 
LAP-US examination is a sensitive test that would 
have allowed 10% of our patients to avoid a nonther- 
apeutic laparotomy. It should be emphasized, how- 
ever, that there were no false positive results in the 
series. Therefore LAP-US findings did not inappro- 
priately suggest that plans for curative surgery be 
abandoned in any patients. It is also worth noting that 
this study represents the initial learning curve for this 
technique. Future studies are likely to show improved 
results as we become more familiar with the tech- 
niques and interpretations. 

Our experience has identified some problems with 
the LAP-US examination. The procedure can be time 
consuming in patients with dense adhesions. As seen 
in Table VI, small superficial lesions that cannot be 
directly visualized with the laparoscope may be missed 
by LAP-US when the probe is placed immediately on 
top of the lesion. These lesions are usually palpable 
at laparotomy but often are not seen on IOUS. Thus, 
although LAP-US appears to be highly specific in 
identifying patients with incurable disease, occasional 
patients will still be found to have occult and incur- 
able disease only at laparotomy. These problems may 
be overcome with more experience and better equip- 
ment in the future. 

Table VI. Lesions missed by LAP-US 

Patient No. No. of lesions Description 

5 1 1 cm satellite adjacent to 5 cm right lobe lesion 
6 1 Anterior subcapsular lesion appeared to be a cyst 

13 1 Small superficial lesion posterior on right lobe 
22 1 Small superficial lesion posterior on right lobe 
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C O N C L U S I O N  

W e  have shown that laparoscopy plus LAP-US is a 
practical and safe method  for imaging the liver with a 
sensit ivity approaching  tha t  o f  l apa ro tomy  wi th  
IOUS.  According to our  LAP-US findings, nonther -  
apeutic laparotomy could have been avoided in 10% 
of  our  patients. More  important ,  the positive predic- 
tive value of  LAP-US is 100% and we can be confi- 
dent  that malignant tumors  can be accurately differ- 
entiated from benign lesions by LAP-US.  
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Discussion 
Dr. W. Meyers (Worcester, Mass.). You had at least three 

persons interpreting the results of the ultrasound examina- 
tions. Is this your common practice? 

Dr. V. Tandan. We have a very good relationship with 
our radiologist and that was our routine procedure for open 
intraoperative ultrasound before we began using laparo- 
scopic ultrasound. We believe that the radiologists who per- 
form ultrasound examinations every day probably carry out 
a more thorough examination of the liver than we can per- 
form. There have been many times when we have begun 
ultrasound examination of the liver before the radiologists 
arrived. They have come in and found additional lesions 
that we did not see. We think that in today's day and age a 
multidisciplinary approach is probably the most desirable. 

Dr. Meyers. Are these radiologists charging their pro- 
fessional fees? 

Dr. Tandan. Yes. The health care system in Canada is 
publicly funded, and radiologists charge for their time and 
for biopsies when they perform them. 

Dr. J.  Milsom (Cleveland, Ohio). Was the radiologist 
who was with you in the operating room aware of the re- 
suits of preoperative staging studies such as CT scanning? If 
such was the case, I believe this might have led to some bias 
on the part of the radiologist in the evaluation of the liver at 
the time of laparoseopy. 

Dr. Tandan. You are absolutely correct. At the outset of 
the study, we had only one radiologist who was involved 
with the liver surgery and he did report both the preopera- 
tive and intraoperative ultrasound findings. We have since 
involved a second radiologist, and recently we have been 
randomly assigning radiologists to perform either the lap- 

aroscopic or the open intraoperative ultrasound examina- 
tion in order to follow up on this study to obviate some of 
the bias that may have been introduced, as you pointed out. 

Dr. B. Schirmer (Charlottesville, Va.). At what point will 
you feel comfortable doing without the radiologist? In 
other words, how many cases do you think will be neces- 
sary and how much experience will you need to acquire be- 
fore you are able to carry on without a radiologist or do you 
plan to continue to use them indefinitely? At what point 
will you feel comfortable with your ultrasound findings 
such that you will not feel the need to perform open ex- 
ploratory operations and unnecessary laparotornies can be 
avoided? 

Dr. Tandan. We do not have any current plans to stop 
collaborating with our radiologist. We have started a sec- 
ond phase of the study in which we are randomly assigning 
radiologists and the surgical team so that we do not have 
the biases. I think after the completion of that study we will 
feel comfortable not recommending a laparotomy. 

Dr. L. I4~y (San Francisco, Calif.). Have you tried to 
calculate the cost of acquiring all the information that is be- 
ing obtained by following this strategy? It appears that at 
the present time you must perform both laparoscopic and 
open ultrasound examinations with the assistance of radi- 
ologists, which must be time consuming and costly. Of 
course, we are obliged to do everything reasonable that will 
benefit our patients, but we must also be as efficient as pos- 
sible in this effort. Can you convince us that this is the most 
efficient way, or will it be possible to eliminate some of the 
extra persons involved in these cases? 

Dr. 7~ndan. At the present time, this has all been done in 
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the context of a study protocol. It is important to remember 
that one of the fundamental principles of economic evalua- 
tions is that before such evaluations can be performed, ther- 
apy must be shown to be efficacious. Very often in clinical 
studies, the costs of controlling and monitoring the effec- 
tiveness of an intervention are significantly higher than they 
will be when the intervention is applied in practice. The ob- 
jective of this study was to demonstrate whether laparo- 
scopic ultrasound would be a suitable replacement for open 
intraoperative ultrasound; we do not plan on using both pro- 
cedures once the laparoscopic procedure has been shown to 
be efficacious. Since we routinely perform laparoscopy prior 
to any major cancer surgery, the laparoscopic ultrasound ex- 
amination should not add to the cost as long as it is replac- 
ing the open intraoperative ultrasound examination. If this 

were to occur, costs would likely be decreased, as some pa- 
tients would not undergo nontherapeutic laparotomy and 
would probably require less time in the operating room and 
be discharged from the hospital earlier. 

D~. E MaeDona/d (Seodand). You stated that you biopsy 
the lesions when appropriate. What proportion of lesions 
were biopsied? How often was the biopsy material unsatis- 
factory for histologic diagnosis? Was your sensitivity and 
specificity based on the total number of examinations per- 
formed or on the number of biopsy-proved lesions? 

1~. Tandan. We did not biopsy very many lesions. Ap- 
proximately six lesions were biopsied and they were all con- 
firmed to be malignant. Our sensitivity and specificity 
analysis is based on the total number of examinations per- 
formed. 



Role of Computed Tomographic Arterial Portography 
and Intraoperative Ultrasound in the Evaluation of 
Patients for Resectability of Hepatic Lesions 
Richard C Karl, M.D., Junsung Choi, M.D., Timothy J. Yeatman, M.D., Robert A. Clark, M.D. 

Computed tomographic arterial portography (CTAP) has been shown to be the most sensitive preoper- 
ative test for determining resectability of hepatic lesions but we have shown it to have low specificity. In- 
traoperative ultrasound (IOUS) evaluation of the liver has also been proposed as an accurate means of as- 
sessing resectability. We sought to compare the effectiveness of the two modalities. Fifty-six patients who 
had been deemed candidates for liver resection based on CTAP findings underwent systematic explo- 
ration, liver mobilization, and IOUS examination. Ultrasound findings were compared with results of 
CTAP. In 46 patients the IOUS findings were in complete agreement with those of CTAP. In i0 patients 
CTAP lesions could not be verified by IOUS and these patients did not undergo resection. Follow-up of 
these 10 patients revealed eight who did not have progression of malignancy at the CTAP-predicted site 
(CTAP false positive). Two patients did have progression at a CTAP-positive IOUS-negative site (IOUS 
False negative). Sensitivity for CTAP and IOUS was 100% and 96%, respectively. Specificity for IOUS 
was 100%. These findings demonstrate the high sensitivity of CTAP and the high sensitivity and speci- 
ficity of IOUS. CTAP may "overcall" hepatic lesions but IOUS can correctly identify these false positives 
in most instances. Because CTAP is useful for determining which patients might benefit from surgical ex- 
ploration, we conclude that the two modalities are complementary for the assessment ofresectability of 
hepatic lesions. The false positive rate for CTAP implies that caution must be used when declining to op- 
erate on patients on the basis of this test. (J GASTROINTEST SURG 1997;1:152-158.) 

Although surgical resection offers the best chance 
for surviving primary or secondary liver tumors, only 
a small percentage of patients will be deemed candi- 
dates for this t reatment at the time they are first 
seen. 1-9 For this reason the selection of that subset of 
patients who will benefit from resection prior to sur- 
gical exploration becomes an important consideration 
in the management of these lethal diseases. Several 
preoperative imaging techniques have been evaluated 
for their efficacy in predicting resectability and de- 
tecting the presence of extrahepatic malignancy. 
These modalities have included computerized to- 
mography (CT), delayed CT, arterial portography 
with C T  (CTAP), magnetic resonance imaging, ul- 
trasound, and hepatic artery perfusion scintigraphy. 
For the detection of intrahepatic lesions and depic- 
tion of their relationship to important intrahepatic 

vascular structures, CTAP has emerged in many stud- 
ies as the most sensitive test, although it has a rela- 
tively high rate of false positive findings, l~ 

Intraoperative ultrasound (IOUS) has been used 
with increasing frequency to assess the liver for the 
presence of malignant deposits and their relationship 
to segmental hepatic anatomy and vascular structures. 
Studies have been conducted to determine whether 
IOUS is more sensitive than CTAP and whether  
IOUS could be used in place of CTAP as the primary 
imaging modality for patients being considered for re- 
section of hepatic malignancy. 7,22-24 Most investiga- 
tors have concluded that IOUS is sensitive for the de- 
tection of liver malignancies and that it has a low rate 
of false positive results, but there is disagreement as 
to its role in the management of these patients. 7,22,23,2s 
Soyer et al. 23 reported no significant difference in the 
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ability of CTAP and IOUS to detect hepatic malig- 
nancy and they concluded that IOUS is a useful tech- 
nique that is "complementary" to CTAP. 7,22 In com- 
parison, For tunato  et al.  26 found IOUS to be 
significantly more sensitive than CTAP for the detec- 
tion of hepatic lesions and noted that IOUS was re- 
sponsible for changes in proposed surgical manage- 
ment  in one fourth of cases. We sought to compare 
IOUS and CTAP findings in 56 patients who under- 
went exploration for surgical management  of hepatic 
malignancy. 

M A T E R I A L  A N D  M E T H O D S  

Of  the patients referred to our institution for the 
management  of hepatic malignancy, 106 underwent 
CTAP to assess their suitability for surgical explo- 
ration between April 1992 and December  1994. Of  
these, 56 patients (27 women [median age 67 years, 
range 29 to 81 years] and 29 men  [median age 70 
years, range 56 to 81 years]) underwent both explo- 
ration and IOUS evaluation. All patients with col- 
orectal metastases were evaluated by means of C T  of 
the chest and colonoscopy prior to CTAP. 

Limited visceral angiography was performed to de- 
termine hepatic arterial anatomy and to position the 
tip of a 5 F RC- 1 angiographic catheter in the supe- 
rior mesenteric artery. CTAP was performed using a 
Somatom Plus-S or a Somatom Hi-Q or D R H  scan- 
ner (Siemens Medical Systems, Inc., Iselin, N.J.). For 
the Plus-S system, 80 ml of nonionic contrast medium 
(iodine 320 mg/mt)  was administered at a rate of  2 
ml/see by means of  a power injector (Medrad, Inc., 
Pittsburgh, Pa.). Spiral scanning of  the liver was per- 
formed 30 seconds after initiation of  the bolus injec- 
t ion of  contrast  material; 8 m m  sections were ob- 
tained and reconstructed at 5 m m  increments. For the 
H i - Q  or D R H  system, 80 ml of nonionic  contrast  
material was given at a rate of 0.5 ml/sec, and dynamic 
scanning of the liver was performed after a delay of 
20 seconds; 8 m m  sections were obtained. Real-time 
IOUS examination was performed using a Toshiba di- 
agnostic ul trasound scanner (model SSH-140A, 
Toshiba Medical Systems, Tokyo, Japan) with a 7.5 
M H z  linear array transducer (PVF-738F). 

At the time of surgical exploration the ligaments 
suspending the liver were taken down to prepare the 
liver for bimanual palpation and ultrasonographic 
evaluation. A 7.5 M H z  T-shaped transducer was 
placed directly on the surface of the liver after mobi- 
lization. Each segment  of  the liver was carefully 
scanned with reference to the preoperative CTAP 
(i.e., the IOUS was not blinded.) The  operating sur- 
geon performed the ul trasound examination. T h e  
lymph nodes along the hepatic artery and the corn- 

mon bile duct were routinely removed for frozen sec- 
tion diagnosis regardless of their appearance. 

The  results of CTAP and IOUS were compared. If  
a lesion was detected by one modality and not  by the 
other, an attempt was made to biopsy the area in ques- 
tion. If  the biopsy was negative for malignancy or if a 
suspicious area could not  be confirmed, the area of 
liver in question was not resected and was followed by 
standard CT. Patients were followed with a baseline 
C T  scan at 3 months and subsequent annual or bian- 
nual C T  studies. Lesions seen on CTAP but not  con- 
firmed by IOUS were termed IOUS true negatives 
and CTAP false positives if subsequent  follow-up 
failed to reveal any evidence of the development of 
malignancy in the disputed segment of liver. If  subse- 
quent follow-up demonstrated progression of disease 
at a site seen on CTAP but not  on IOUS, these find- 
ings were classified as IOUS false negatives and 
CTAP true positives. There  were no instances where 
IOUS revealed a lesion that  had not  been seen on 
CTAP. Because no patient was operated on without a 
positive CTAP, there were no CTAP true negatives in 
this study. Comparison of proportions for statistical 
significance was calculated using the chi-square sta- 
tistic. 

R E S U L T S  

Fifty-six patients underwent  preoperative CTAP, 
surgical exploration, and IOUS examination. The  his- 
tologic types of  malignancies in this group are shown 
in Table L Four  patients were known to have bilobar 
metastatic colorectal cancer and were operated on to 
place a hepatic arterial catheter for regional chemo- 
therapy perfusion. Thus  52 patients were explored 
with intent to resect the portion(s) of liver found on 
CTAP to contain a lesion. Forty-seven patients un- 
derwent resection (resectability rate 90.4%). Twenty- 
eight patients underwent lobectomy, 13 had segmen- 
tal resections, and six had metastasectomies. T h e  
reasons for abandoning liver resection in five patients 
are presented in Table II. In two instances lesions 
were determined to be unresectable by IOUS. In one 
case the tumor involved both the right and middle he- 

Table I. Malignancies in 56 patients undergoing 
surgical exploration 

Metastatic colorectal (n = 49) 
Hepatocellular (n = 3) 
Cholangiocarcinoma (n = 2) 
Pancreas (n = 1) 
Fallopian tube (n = 1) 
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Table H. Reasons for abandoning liver resection in 
five patients 

Extrahepatic disease (lymph node) (n = 2) 
Relationship to hepatic and portal  (n = 2) 

veins 
Cirrhosis (n = I) 

Table HI. Reasons for test failure 

CTAP false positives IOUS false negatives 

Median segment falciform 
ligament (n = 3) 

Gallbladder fossa (n = 2) 
Cysts (n = 2) 
Surfaee flow defect (n = 1) 

Cyst (n = 1) 
N o  lesion seen (n = 1) 

parle vein and in the other the malignancy abutted 
both the right and left branches of the portal vein. 
Thus the operative strategy was changed on the basis 
of the IOUS findings in 2 (3.8%) of 52 cases. In two 
instances lymph nodes along the hepatic artery were 
positive for malignancy despite their normal appear- 
ance. In one case ofhepatocellular carcinoma, the pa- 
tient's liver was much more cirrhotic than anticipated 
and plans for resection were abandoned. Thus the op- 
erative strategy was changed in 3 (5.8%) of 52 cases 
by intraoperative findings not related to imaging tech- 
niques. In 46 instances the results of  preoperative 
CTAP were in complete agreement with those of 
IOUS, a situation we termed CTAP and IOUS true 
positive. In 10 patients there was a disparity between 
CTAP and IOUS findings. In each instance a lesion 
found on CTAP was not confirmed by IOUS. CTAP- 
detected lesions could not be seen on IOUS in nine 
cases and in one case the CTAP lesion was deemed a 
cyst. Nine of these patients underwent resection of a 
different portion of the liver and the area in dispute 
was not removed. One patient in this group did not 
undergo resection but was treated with regional per- 
fusion. Four of 10 patients with discordant imaging 
findings have died. Three had shown no evidence of 
malignancy on postoperative C T  scans in the dis- 
puted portion of the liver (foUow-up at 13, 26, and 31 
months) and were termed CTAP false positives and 
IOUS true negatives. One patient had progression of 
a lesion at a site determined to be positive by CTAP 
and a cyst by IOUS and died 17 months after the op- 
eration; this case was classified as a CTAP true posi- 
tive and an IOUS false negative (Fig. 1). Six patients 
are  still alive. One, who did not undergo resection, 
has had progression at a site considered positive by 
CTAP and negative by IOUS (follow-up 16 months). 
This was classified as a CTAP true positive and an 
IOUS false negative. Five patients are alive (follow- 
up 27.6 _+ 1.3 months) with no evidence of disease. 
These cases were classified as IOUS true negatives 
and CTAP false positives. Thus each test was found 
to fail in a small number of eases. In eight patients 
CTAP false positives were due to flow artifacts in 
characteristic locations or to cysts (Table III and Fig. 

Table IV. Comparison of CTAP and IOUS values* 

CTAP IOUS 

Sensitivity 100% 96% 
Specificity N / A  100% 
P P V  86% 100% 
N P V  N/AT 8O% 

PPV = positive predictive value; NPV = negative predictive value. 
*Differences between CTAP and IOUS were not significant. 
~None of the patients classified as CTAP true negatives underwent 
surgery. 

Table V. Patterns of recurrence after liver resection* 

No. (%) 

Liver only 9 (36) 
Liver plus distant site(s) 14" (56) 
Extrahepatic only 2 (8) 

*Twenty-five (53 %) of 47 patients had a recurrence after resection. 

2). In two cases of IOUS false negatives, the lesion 
was not seen in one and was thought to be a cyst in 
the other (see Table III and Fig. 1). 

Sensitivity, specificity, positive predictive value, and 
negative predictive value for each test are presented 
in Table IV.. No  significant differences were noted be- 
tween the two tests. The  odds ratio test value was 
36.3, confirming a significant effect of  IOUS on 
CTAP observations. 

Of  the 47 patients who underwent resection, 20 are 
still alive with no evidence of disease (28.9 _+ 1.6 
months) and two died of unrelated causes with no 
signs of recurrence (47%). Twenty-five patients (53 %) 
have had a recurrence and 21 have died (17 + 1.4 
months). Four are still alive with disease (33.1 + 7.2 
months). The  patterns of recurrence of malignancy 
are shown in Table V. 
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Fig. 1. A, Preoperative CTAP scan showing a lesion in the medial segment that was classified as a cyst 
at IOUS examination. B, Subsequent C T  scan 14 months later showing progression at the disputed site 
(arrow). 

Fig. 2. Characteristic sites for CTAP false positive examinations. A, Gallbladder fossa. B, Medial seg- 
ment. 

D I S C U S S I O N  

Because a small but measurable fraction of patients 
with hepatic malignancy seem to be curable by liver 
resection, it is reasonable to attempt to identify that 
subset of patients who will be long-term survivors 
from the larger subset who will not benefit from an 
operation. The increasing safety of hepatic resection 
has prompted enthusiasm for resectional therapy, and 

over the past two decades some important principles 
of management of patients with these malignancies 
have emerged. Patients with a poor prognosis after 
liver resection include those with extrahepatic malig- 
nancy (even though it may be resectable), patients 
with satellite nodules of tumor or tumor thrombus in 
the hepatic vein, and patients in whom the margin of 
resection is less than 1 cm. 27-39 These observations 
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motivate the surgeon to be aware of the exact num- 
ber of tumor nodules and their relationship to the hi- 
lar structures, the hepatic veins, and the vena cava. 

T h e  data reported herein are open to criticism be- 
cause of the retrospective nature of the investigation, 
the highly select patient  population,  and the self- 
taught scanning technique employed by the surgeons 
performing that intraoperative test. Nonetheless, we 
noted some interesting factors that  affect the man- 
agement of patients with intrahepatic malignancy. 

The re  are several methods that  can be used to 
measure the specificity and sensitivity of  imaging 
modalities. Imaging techniques can be compared with 
each other or with the findings in resected liver spec- 
imens. Another  perhaps more  clinically relevant 
method is to compare the results of imaging studies 
with the subsequent clinical fate of the remaining liver 
in patients undergoing resection. This  method  ad- 
dresses the following question: if the imaging study 
declares a portion of liver to be free of disease, what is 
the likelihood that a malignancy will subsequently be- 
come evident in that  portion? In-liver recurrence 
rates after resection of primary and secondary cancers 
range from 15% to 60% in many series, but  the 
method of imaging the liver at the time of resection is 
often not made clear. 4,5,8,9,31 It is the biology of the he- 
patic malignancies, the accuracy of  the imaging 
modalities, and the competency of the surgical pro- 
cedure that affect long-term in-liver recurrence rates. 
In our patient population an overall 54% recurrence 
rate was observed. The  liver-only recurrence rate was 
36%. Because this study included patients with a va- 
riety of hepatic malignancies, it is not useful for draw- 
ing conclusions concerning the behavior of any spe- 
cific type of liver cancer. Nonetheless, our liver-only 
recurrence rate is similar to that reported in other 
studies of patients with metastatic colorectal cancer. 31 
Many factors affect the tumor  recurrence rate after 
resection of a portion of the liver. Although a single 
cancer cell may lead to recurrence in the liver or 
metastasis elsewhere, it is not  within the capability of 
current detection techniques to identify such a small 
focus of malignancy. It seems probable that the limi- 
tations of current imaging modalities are an impor- 
tant contributor to the high recurrence rate reported 
after resection of both primary and secondary hepatic 
malignancies. This study has sought to pose a ques- 
tion concerning current techniques for liver imaging 
in the management of primary and secondary liver tu- 
mors. Specifically, if CTAP and IOUS findings are in 
disagreement as to the presence of a malignant lesion 
in a particular portion of the liver that is not resected, 
what is the fate of that portion of the liver over time? 

We have previously reported our experience with 
CT, CTAP, and delayed enhanced CT. 1 We agree 
with several other investigators who have found 
CTAP to be superior to other preoperative imaging 
studies for the detection of hepatic tumor deposits, al- 
though a relatively high rate of false positive findings 
has been noted. 1,11,12,4~ These  so-called pseudole- 
sions are the result of arterial variations, catheter 
placement, and venous obstruction. 42 They  are com- 
monly located in segment 4, near the gallbladder fossa 
and along the falciform ligament 42.43 (see Fig. 2). T h e  
frequency of pseudolesions can be minimized by care- 
ful attention to catheter placement, adequate injec- 
tion rates, and appropriate timing of C T  scanning af- 
ter injection. 42,q3 Our  CTAP false positive findings 
were mostly cases of"classic" pseudolesions, although 
cysts were mistaken for malignancies in two instances. 
We have previously reported the sensitivity and speci- 
ficity for CTAP to be 97.1% and 3 3.3 %, respectively. 1 
In this study we found the sensitivity for CTAP to be 
100% and for IOUS to be 96%. Mthough the speci- 
ficity for CTAP cannot be calculated by definition in 
this study because there were no true negatives, speci- 
ficity for IOUS was 100%. Thus  IOUS correctly 
identified CTAP false positive examinations most  of 
the time (80%). 

Fortunato et al. 26 found IOUS to have a high sen- 
sitivity when compared with values for CTAP and C T  
(which were equivalent) and believed that the role of 
CTAP in preoperative evaluation of patients consid- 
ered for liver resection should be re-evaluated. Fur- 
thermore, they claim that IOUS findings resulted in a 
change in management  in one fourth of their cases. 
Our  results do not  agree. We have previously found 
CTAP to be much more sensitive than CT, and in this 
study we found sensitivity of IOUS to be equivalent 
to that of CTAP. The  explanation for this disparity 
appears to be the relatively low sensitivity of CTAP 
in the For tunato study. In addition, we found that  
IOUS was responsible for a change in our strategy 
only 3.8% of the time. The  explanation for this dif- 
ference may include the higher CTAP sensitivity in 
our study, the difference in referral patterns to differ- 
ent institutions, and differences in preoperative 
workup. These same factors may explain the relatively 
high resectability rate in our study. We conclude that 
CTAP with its spatial and contrast  resolution is a 
good study to determine which patients warrant ex- 
ploration with intent to resect liver lesions. Mthough 
the test may have a relatively high rate of false positive 
results, the well-known problem ofpseudolesions can 
usually be resolved by IOUS. For this reason we agree 
with Soyer et al. 23 that the two techniques are com- 
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plementary. Patients with CTAP-detected lesions in 
locations characteristic of pseudolesions should not 
be denied exploration with intent to perform resec- 
tion. 
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Discussion 
Dr. IE. Meyers (Worchester, Mass.). If IOUS is so reli- 

able, why not just eliminate CT? 
Dr. R. Karl. I think this would result in operations being 

performed in a number of patients who would not benefit 
from surgical exploration. 

Dr. Meyers. It could be done laparoscopically, couldn't it? 
Dr. Karl. It could be done laparoscopically, although our 

experience with laparoscopic ultrasound is very limited. 
Dr. Meyers. Regarding hepatomas, we have experienced 

a number of problems with flow artifacts. Have you not had 
similar problems? 

Dr. Karl. There were only three cases ot primary hepa- 
tocellular carcinoma in our group of patients. We have ex- 
perienced the same flow defect artifacts that you describe. 
We still consider portography to be our mainstay for iden- 
tifying patients who are suitable for surgical exploration. 

Dr. B. $cbirmer (Charlottesville, Va.). If CT  portogra- 
phy is overly sensitive, what are your criteria for using it to 
exclude patients from surgical exploration? 

Dr. Karl. We have previously presented data from pa- 
tients whose C T  findings were examined at the time they 

were initially seen; we compared these findings with results 
of CT  portography and then operated on the patients. 
Forty-six percent of the time the patient's stage was 
changed between CT and CT  portography. False positive 
rates for CT  portography are approximately 10% to 13%. 
One may find bilobar disease, disease in areas that are not 
resectable, or unexpected lesions that are not seen on rou- 
tine CT. Thus a large number of patients who would ben- 
efit from CT portography are identified. I think that in the 
future we will probably rely heavily on IOUS examinations 
performed through a laparoscope, which may replace C T  
portography. We currently still see a large percentage of pa- 
tients, however, who are upstaged based on results of por- 
tography. When we observe lesions in these characteristic 
"false positive" locations (gallbladder fossa, medial segment, 
or flow defect on the surface) we are much more enthusias- 
tic about operating on those patients than when two unsus- 
pected lesions are identified at the confluence of the hepatic 
veins, for instance. So there are still a significant number of 
patients who benefit from portography. 



Interleukin-10 Reduces Circulating Levels of Serum 
Cytokines in Experimental Pancreatitis 
Anthony J. Rongione, M.D., Amy M. Kaaske, M.D., Howard A. Reb~ M.D., 
Stanley W. Asbley, M.D., David IV.. McFadden, M.D. 

Over the past few years, evidence has accumulated that implicates proinflammatory cytokines as the me- 
diators responsible for the escalation of acute pancreatids into a multisystem disease. It has been shown 
that the degree of serum cytokine elevation, particularly the macrophage-derived eytokines interleukin- 
1, interleukin-6, and tumor necrosis faetor-c~, correlates with the severity and outcome of acute pancre- 
atitis. Interleukin-10 is an anti-inflammatory eytokine that inhibits eytokine production from the 
macrophage. The aim of this study was to determine whether interleuldn-10 would decrease both the 
severity of acute panereatitis and the level of circulating proinflammatory cytokines. Ninety female mice 
were divided into three equal groups. Group 1 (controls) received intraperitoneal saline solution. Groups 
2 and 3 received intraperitoneal cerulein (50 mg/kg/hr) for 7 hours. In addition, group 3 was given 1500 
units of intraperitoneal interleuldn-10, beginning 1 hour after the induction of acute panereatitis and 
every 3 hours thereafter. Animals were killed at 3-hour intervals. Blood samples were obtained for serum 
amylase and cytokine determinations (interleukin-lf~, interleukin-6, and tumor necrosis factor-a). Pan- 
creata were dissected free and fixed in formalin for blinded histologic scoring. Interleukin-10 reduced the 
serum levels of interleukin-1 J3, interleukin-6, tumor necrosis factor-s, and amylase in comparison to un- 
treated animals with pancreatitis (P < 0.05). Pancreatic edema, necrosis, and inflammatory cell infiltrate 
were also reduced in those animals given interleukin-10 (P < 0.05). Histologic score, serum eytokines, and 
amylase levels are elevated during acute pancreatitis. Interleukin-10 given therapeutically, that is, aJ~er the 
onset of acute pancreatitis, lessened the severity of disease, probably through inhibition of the 
macrophage. This was associated with a decrease in circulating eytokine levels. (J GASTROINTEST SURG 
1997;1:159-166.) 

Much evidence has accumulated over the past sev- 
eral years implicating proinflammatory cytokines as 
the mediators responsible for the progression of  pan- 
creatic inflammation into a multisystem disease. In 
fact, similarities between the sepsis syndrome and se- 
vere acute pancreatitis (e.g., adult respiratory distress 
syndrome, disseminated intravascular coagulation, 
circulatory failure, and multisystem organ failure) 
have led researchers toward the concept that common 
pathophysiologic mechanisms underlie both condi- 
tions. Inflammatory cytokines, released primarily by 
macrophages, are strong candidates as the mediators 
of these systemic sequelae. Indeed, as pancreatic de- 
struction and enzyme release begin, the activated tis- 

sue macrophage may play a critical role in both the 
degree of local pancreatic inflammation and the sys- 
temic inflammatory response. 

Grewal et al.1 recently demonstrated that inter- 
leukin-1 (IL-1), IL-6, and tumor necrosis factor-a 
(TNF-c 0 levels were all elevated in the serum of ani- 
mals with acute pancreatitis. Pretreatment with anti- 
T N F  antibodies attenuated the expected increase in 
serum TNF-ct,  glucose, and amylase levels. 2 These 
findings were supported by Norman  et al., 3 who 
found that experimental pancreatitis was associated 
with the release of IL-1, IL-6, and TNF-tx into the 
serum within an hour after the onset of  the pancre- 
atic insult. Their  results demonstrated that the degree 
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of serum cytokine elevation correlated with the sever- 
ity and outcome of acute pancreatitis. 4 Furthermore, 
they showed that prophylactic and therapeutic treat- 
ment  with an IL- 1 receptor antagonist blunted the ex- 
pected increase in these cytokines and was associated 
with decreased severity of pancreatitis, s Heath et al. 6 
showed that serum levels of IL-6 from patients with 
acute pancreatitis correlated with the severity of the 
disease. 

IL- 10 is a recently characterized potent anti-inflam- 
matory mediator that inhibits the production of other 
cytokines from activated macrophages. 7,s The  hypoth- 
esis to be tested in the present study was that IL-10 
treatment would impair the release of proinflammatory 
mediators from activated macrophages, thus reducing 
the severity of pancreatitis. With a concern for the pos- 
sible clinical relevance of the results, we studied the ef- 
fects of IL-10 given after the initiation of the pancreatic 
insult, when the pancreatitis was already established. 

M A T E R I A L  A N D  M E T H O D S  
Mater ia l s  

Cerulein was obtained from American Peptide Co., 
Inc. (Sunnyvale, Calif.). Recombinant murine IL-10 
was a generous gift from the DNAX Research Insti- 
tute (Palo Alto, Calif.). Aprotonin and amylase enzyme 
assay kits were obtained from Sigma Chemical Co. (St. 
Louis, Mo.). The  Factor-Test-X Mouse TNF-tx, the 
Intertest- 113-X Mouse Interleukin- 1 [3, and the In- 
tertest-6-X Mouse Interleukin-6 enzyme-linked im- 
munosorbent assay (ELISA) kits were purchased from 
Genzyme Diagnostics (Cambridge, Mass.). 

An ima l  Model 
All experiments were conducted with prior approval 

of the Animal Research Committee at Sepulveda VA 
Medical Center  (Sepulveda, Calif.). Female Swiss- 
Webster mice, weighing 20 to 25 g, were purchased 
from Simonsen Laboratories (Gilroy, Calif.), fed stan- 
dard laboratory chow, and allowed to acclimatize for 
a minimum of 1 week. Acute edematous pancreatitis 
was induced by hourly intraperitoneal injections of  
cerulein (50 mg/kg/hr) over a period of 7 hours, using 
a previously described technique. 9 

Animals were anesthetized at 3, 6, or 9 hours after 
the induction of pancreatitis by means of intraperi- 
toneal injection of sodium pentobarbital (40 mg/kg). 
Laparotomies were performed and blood samples 
were immediately obtained from the inferior vena 
cava. The  samples were collected in heparinized glass 
tubes containing aprotonin (0.009 trypsin inhibitory 
units/ml of blood). Serum was separated and stored 
at - 70 ~ C until assayed. Pancreata were immediately 

dissected free from their attachments and placed in 
formalin for histologic examination. A single investi- 
gator performed all dissections to limit technical dif- 
ferences. The  severity of the pancreatitis was deter- 
mined by measurement  of serum amylase, serum 
TNF-ot,  IL-113, and IL-6 levels, and blinded histo- 
logic grading was carried out by two investigators. 

E x p e r i m e n t a l  D e s i g n  

Ninety female mice were divided into three equal 
groups. Group 1 (controls) received intraperitoneal 
saline solution. Groups 2 and 3 received hourly injec- 
tions of intraperitoneal cerulein (50 mg/kg/hr) for 7 
hours. In addition, group 3 was given 1500 units of 
intraperitoneal IL- 10 diluted in 0.1% bovine serum 
albumin as a protein carrier, 1 hour following cerulein 
induct ion of acute pancreatitis and every 3 hours 
thereafter. Animals were killed at 3-hour intervals. 

Assays 
Serum amylase levels were measured at 37 ~ C by 

enzymatic assay using a spectrophotometer according 
to the manufacturer 's instructions. T h e  rate of in- 
crease in absorbance at 405 nm is directly propor-  
tional to the pancreatic amylase activity. Serum T N F -  
a, IL-113, and IL-6 levels were determined by means 
of ELISA according to the manufacturer's instruc- 
tions. All serum samples were assayed in duplicate and 
averaged at the end of the experiment. 

Histologic Grading 
Pancreatic sections were stained with hematoxylin 

and eosin, and graded in a blinded manner on a scale 
of 0 to 4 to assess the degree ofvacuolization, inflam- 
mation, necrosis, and edema. 

Stat is t ical  Analysis  

Differences between groups were evaluated by 
means of paired Student's t-test. Differences of P < 0.05 
were considered significant. Results are expressed as 
mean _+ standard error of the mean (SEM). 

R E S U L T S  
Serum Amylase 

Following induction of pancreatitis, the serum levels 
of amylase in untreated animals increased compared to 
saline controls (group 2 vs. group 1; P < 0.001). IL-10 
given after cerulein-induced pancreatitis significantly 
reduced serum amylase levels (P < 0.001 vs. group 2 
given cerulein alone) (Fig. 1). 
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Fig. 1. Serum amylase profiles. Results are expressed as mean values _+ SEM. Elevation of serum amy- 
lase is shown after the induction of acute pancreatitis. Following cerulein induction of acute pancreati- 
ds, the serum amylase level in untreated animals increased in comparison to saline controls. Therapeu- 
tic treatment with IL-10 signifieandy reduced the increase in serum amylase levels at al] time points 
evaluated (P < 0,001 vs. cerulein alone). 

Table i. Histologic scoring of cerulein-induced pancreatitis in mice 

Time Group 1 Group 2 Group $ 
after cerulein (saline controls) (eerulein alone) (cerulein + IL-10) 

3 hours 
Edema 0 2.34 _+ 0.19 0.83 _+ 0.19" 
Inflammation 0 1.81 + 0.17 1.29 -+ 0.12 
Necrosis 0 1.65 _+ 0.18 0.04 _+ 0.05* 

6 hours 
Edema 0 2.41 _+ 0.15 1.50 _+ 0.17" 
Inflammation 0 2.23 _+ 0.16 1.51 _+ 0.14" 
Necrosis 0 2.13 _+ 0.14 0.61 _ 0.18" 

9 hours 
Edema 0 2.84 _+ 0.19 1.79 _+ 0.18" 
Inflammation 0 3.33 + 0.20 1.75 + 0.18" 
Necrosis 0 3.51 + 0.17 0.77 _+ 0.I7" 

Darn are expressed as mean + SFaVI. 
*P < 0,001. 

S e r u m  Cytokines 

Serum cytokine profiles are given in Fig. 2. Fol- 
lowing induction of severe necrotizing pancreatitis, 
serum IL-1t3 levels were elevated at 3 and 6 hours in 
the groups receiving cerulein alone compared to the 
saline control group (P < 0.001 vs. group 1). Thera- 
peutic administration of IL-10 significantly attenu- 
ated this response (P < 0.05 vs. group 2). Elevations 
in serum T N F - a  and IL-6 levels were observed at 6 
and 9 hours in group 2 animals compared to the 
group t control mice (P < 0.001 vs. group 1). Again 

IL-10 significandy diminished this response (P < 0.05 
vs. group 2). 

His to logic  Chan ges  

Table I shows the histologic scoring for all groups 
of animals. Significant edema, vacuolization, necrosis, 
and inflammation were found in the group 2 un- 
treated animals when compared to the saline control 
group (P < 0.001). Treatment with IL-10 in group 3 
sigrLificandy decreased the degree of edema, vacuol- 
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Fig. 2. Serum eytokine profiles. Results are expressed as mean values + SEM. All cytokines measured 
were elevated after the induction of  acute panereatitis. IL-113 (A) showed the earliest increase at 3 hours 
and returned to baseline by 9 hours. IL-6 013) and T N F - a  ((2) both peaked at 6 and 9 hours. The  ex- 
pected increase in IL-113, IL-6, and T N F - a  levels was signifieandy attenuated by therapeutie treatment 
with IL-10 (P < 0.05 vs. eerulein alone). 
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Fig. 3. Histologic sections of mouse pancreata. A, 
Normal mouse pancreas. B, Necrotizing acute pan- 
creatitis at 9 hours after the induction ofcerulein pan- 
creatitis with evidence of edema, inflammatory cell in- 
filtrate, and necrosis. C, Acute pancreatitis at 9 hours 
after the induction of cerulein pancreatifis in animals 
therapeutically treated with IL-10. Note the signifi- 
cant reduction in edema, inflammation, and necrosis 
as compared to m~treated animals 03). 

ization, necrosis, and inflammation in comparison to 
group 2 untreated animals (P < 0.001). No statistical 
difference was observed between the group treated 
with IL-10 and the saline control group. Fig. 3 shows 
the charactersdc histologic changes in the pancreata 
of  groups 1, 2, and 3 at the 9-hour time point. 

D I S C U S S I O N  

The mechanism by which pancreatic inflammation 
progresses into multiorgan system involvement re- 
nlains largely speculative. However, recent develop- 
ments suggest that both proinflanlmatory (IL-1 [3, IL- 
6, and TNF-~)  and anti-inflammatory cytoldnes 
(IL-lra and IL-10) may be critical factors in the 
pathogenesis of this sometimes fatal disease. For in- 
stance, IL- t~  and TNF-a ,  released by the 
macrophage early in pancreatifis, regulate the inflam- 
matory response by producing fever, metabolic ab- 
normalities, and an immunologic response. These ef- 
fects are mediated by the induction and secretion of 
other cytokines. 1~ A major effect oflL-6, which is re- 
leased later, is to induce acute-phase protein synthesis 
in the liver, li 

The relative importance of TNF-~t or IL-1 in the 
initiation and maintenance of the inflammatory re- 
sponse is unclear. Fong et aD z demonstrated that dur- 
hag lethal endotoxemia, TNF-tx appears to stimulate 
the release of IL- 1 ~ and IL-6, which have both been 
implicated in the pathophysiology ofmultiorgan sys- 
tem failure in the sepsis syndrome. This is why anti- 
T N F  therapy may be beneficial in the treatment of 
various inflammatory diseases. It could explain why 
Grewal et al. 2 and Hughes et al. t3,1* showed an im- 
provement in the severity of experimental pancrea- 
titis when anti-TNF-ct antibodies were given. Others 
hypothesize that IL-1 may induce the production and 
secretion of  TNF-tx and IL-6, as well as itself. 15,16 
This could explain why Norman et al. *,s found that 
IL-1 receptor antagonists ameliorated the severity of 
acute pancreadtis. These investigators also demon- 
strated that the production of  TNF-~  correlates with 
the pancreatic necrosis and the degree of severity of 
the pancreatitis. 17 TNF-~  levels directly correlated 
with the infiltration of the activated macrophage, sug- 
gesting that the macrophage was the principal effector 
of pancreatic inflammation. 

The foregoing data suggest that both TNF-~  and 
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IL-1 play a significant role in the pathogenesis of 
acute pancreatitis. Therefore we theorized that more 
proximal cytokine antagonism at the level of the 
macrophage itself might be most effective. It should 
result in an almost complete attenuation of the ex- 
pected increase in a number of the proinflammatory 
cytokines (e.g., IL-l[3, IL-6, and TNF-0 0. For this 
reason we chose to investigate the activity of IL-10 in 
this disease. IL-10 inhibits the secretion of proin- 
flammatory cytokines by monocytes, macrophages, 
and T-helper cells, is It also has been shown to upreg- 
ulate IL-lra. 19 In vivo, IL-10 protected mice against 
lethal shock induced by staphylococcal enterotoxin 
B. 2~ It also prevented death caused by experimental 
endotoxemia by reducing the release of TNF-tx. 21 

Previous studies have shown that intraperitoneal 
IL-1 0 equilibrates rapidly into the circulation, with 
an apparent half-life of 2.5 + 0.2 hours as measured 
by ELISA or 1.8 + 0.3 hours as measured by bioas- 
say. 22 For this reason, and based on the observation 
that multiple doses of IL-10 inhibit T-helper 1 
cell-induced delayed-type hypersensitivity more ef- 
fectively than a single dose, we administered the IL- 
l0 every 3 hours. 

In the present study we demonstrated an improve- 
ment in the histologic and biochemical markers of 
acute pancreatitis in mice when IL-10 was begun after 
the pancreatitis was already established. These effects 
also correlated well with the attenuation of serum cy- 
tokine levels. The fact that we were able to delay 
treatment with IL-10 suggests that there is a window 
of opportunity where administration of the drug pre- 
cedes "full" activation of the macrophage. Alterna- 

tively, it may be that IL-10 is able to "turn off' cyto- 
kine production during an activated state. This idea 
is supported by de Waal-Malefyt et al., 23 who showed 
that macrophages stimulated by lipopolysaccharide 
produced large amounts of IL-10 at a later time than 
IL-1, IL-6, and TNF-o~. This suggests that IL-10 
may be important to dampen the inflammatory reac- 
tion following antigenic challenge. Further studies 
should address IL-10 dosing at later time points, a 
clinically relevant scenario. 

Van Laethem et al. 24 showed thatpretreatment  with 
IL-10 prevented pancreatic cellular necrosis in mice 
with cerulein-induced pancreatitis. It also lowered 
serum amylase, lipase, and pancreatic mRNA TNF-c~ 
levels. The IL-10 was given one-half hour before the 
first cerulein injection and again 4 hours later. In this 
nonlethal model of edematous pancreatitis, Van 
Laethem et al. 24 were unable to detect circulating 
TNF-~ levels. They concluded that IL-10 had the 
ability to inhibit the synthesis of local proinflamma- 
tory mediators, as reflected by reduced TNF-e~ 

mRNA expression in pancreatic tissue. However, 
these investigators also found that IL-10 did not pre- 
vent the accumulation of inflammatory cells (neu- 
trophils and/or macrophages) in the pancreas, even 
though cellular necrosis was inhibited. In contrast to 
their findings, we were able to prevent the typical his- 
tologic infiltrate during acute pancreatitis. This dif- 
ference may be due to the variation in the dosing of 
IL-10, which was more frequent in our study, a dif- 
ference in the purity or the potency of the material, or 
even a different response in the two animal species 
used. In any case IL-10 appears to have prevented 
neutrophil and/or macrophage recruitment in our 
model. In contrast to their observations, we found 
that the systemic levels of serum cytoldnes were ele- 
vated by the pancreatitis. This has also been found by 
Norman et al. 3 We can only speculate that this differ- 
ence in findings may be a reflection of the particular 
ELISA employed for detection. 

Our study does confirm, however, that TNF-oq 
IL-lJ3, and IL-6 are produced and released into the 
serum rapidly and that they correlate with the sever- 
ity of the histologic and biochemical parameters. We 
interpret this to mean that the macrophage is an im- 
portant mediator of the inflammatory response dur- 
ing acute pancreatitis. Several explanations for the 
benefits observed with IL-10 are possible. First, IL- 
10 is a potent inhibitor of the production of IL-1 [3, 
TNF-ot, and IL-6, which are released from the acti- 
vated macrophage. This could prevent or inhibit the 
accumulation of activated leukocytes in the inflamed 
pancreas. Second, IL-10 may impair the migration of 
inflammatory cells to the site of local inflammation. 
Indeed, Li et al. 22 showed that systemic administra- 
tion of IL-10 could enhance migration of inflamma- 
tory cells into all tissues. If this had occurred in our 
study, fewer cells would have been available for mi- 
gration to the site of pancreatic inflammation. Third, 
since macrophage recruitment precedes that of other 
effector cells during the early inflammatory response, 
IL-10, through its downregulation of the MHC II 
complex on the macrophage, may prevent recognition 
of the damaged pancreatic acinar cell (antigen) and 
thus inhibit the progression of the inflammatory re- 
sponse (neutrophils and T-helper cells). 25 Fourth, IL- 
l0 is also known to upregulate anti-inflammatory cy- 
tokine expression, that is, IL-lra, which has already 
been shown to lessen the severity of experimental 
pancreatitis. 4,s 

Previous work from our laboratory in other models 
of pancreatitis in rats and mice has led to conclusions 
similar to those drawn from the present study. 26-2s IL-10 
appears to be an effective anti-inflammatory cytokine 
that ameliorates the biochemical and histologic para- 
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meters of acute panereatitis ranging in severity from 
mild to lethal necrotizing disease. Since the effects of 
IL- 10 are evident, even when it is administered after the 
onset of the pancreatic inflammation, investigation of 
its clinical utility now appears justified. 
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Discussion 
Dr. S. Strasberg (St. Louis, Mo.). W h a t  is the longest 

t ime period f rom administration of  the agents that  cause 
the pancreatitis until you can get a response by administer- 
ing IL-10? 

Dr. A.J. Rongione. To date we have investigated early 
(1 hour) therapy in three different models of  experimental 
pancreatitis ranging from mild to severe and found that IL-  
l0 is effective in all of  these models at this t ime point. Fu- 
ture studies need to be designed to determine how long af- 
ter the induction of  pancreatitis we can administer IL-10 
and effectively treat the.disease. 

Dr. 97. Norman (Tampa, Fla.). I have a p rob lem with 
your last statement because I think it contradicts what you 
have shown. You stated that IL-10 decreases the severity of  
the pancreatitis and then decreases cytokine levels. I think 
it is the other way around. I would propose then that IL-10 
decreased production of the cytokines, which therefore had 
the positive effect on the pancreatitis. Could you ;comment 
on the tissue levels, especially in the pancreas and lungs, of  
these cytokines. 

Dr. Rongione. In response to your  second question, 
after struggling with RNA and protein extraction from the 
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pancreas, we now have some data to suggest that mRNA 
and protein for T N F - a  are decreased with IL-10 treat- 
ment. This is in a rat model of mild cerulein-induced pan- 
creatitis. We have begun to study other cytokines, such 
as IL-1 and IL-6, now that our assays and protocols are 
working. 

In response to the first question, I think what we have 
shown is that IL-10 inhibits the macrophage and decreases 
the release of cytokines. This inhibition of cytokines, as re- 
fleeted by our lower serum cytokine levels, resulted in at- 
tenuation of the pancreatitis. 

Dr. R. Printz (Chicago, Ill.). Your central hypothesis is 
that the macrophage plays a key role in the development of 
severe pancreatitis. Did you look at circulating levels of 
leukocytes in each of your groups? Did you examine the 
leukocytes that had infiltrated the pancreas in the different 
groups to determine whether there were any differences in 
these parameters? 

Dr. Rongione. We have not studied circulating leuko- 
cyte counts, nor have we specifically marked the types of 
white cells that infiltrate the pancreas. I think there are data 
in the literature suggesting that the macrophage is the ini- 

tial cell attracted to the pancreas during inflammation and 
that the severity of the pancreatitis correlates with the in- 
filtration of the macrophage and subsequent reeruiunent of 
other cell types such as the neutrophil. 

Dr. M. Sarr (Rochester, Minn.). In your summary you 
stated that IL-IO was given after the onset of pancreatitis. 
Everyone in the audience is questioning whether this is go- 
ing to be something they can use. You really have not 
shown us that at 1 hour from the time you began your in- 
fusion of this agent, you had indeed induced pancreatitis. 
Do you have any data from the 1-hour time point? 

Dr. Rongione. We do not have those data. We are basing 
our time points on data from other investigations that have 
dearly shown that by 1 hour there is established pancreati- 
tis. Our goal is to prevent the systemic complications ofpan- 
creatitis. We believe that the pancreatitis is not what harms 
the patient; rather it is the systemic inflammatory response. 

The focus in future studies will therefore be to attempt to 
attenuate the systemic inflammatory response in organs such 
as the liver and lungs. We may not, in fact, improve the pan- 
creatitis with delayed dosing of IL-lO but, ideally, we would 
improve survival in severe, complicated pancreatitis. 



Clinical Value of Diagnostic Laparoscopy With 
Laparoscopic Ultrasound in Patients With Cancer 
of the Esophagus or Cardia 

H.J. Stein, M.D., S.J.M. Kraemer, M.D., H. Feussner, M.D., U. Fink, M.D., J.R. Siewert, M.D. 

Accurate pretherapeutic tumor staging becomes increasingly important for the selection of therapy in 
patients with cancer of the upper gastrointestinal tract. We prospectively assessed the clinical value of di- 
agnostic laparoscopy with laparoscopic ultrasound and peritoneal lavage in 127 consecutive patients with 
cancer of the esophagus or cardia but no evidence of hepatic metastases, peritoneal tumor dissemina- 
tion, or other systemic tumor manifestations on standard staging techniques. There was no mortality or 
morbidity associated with diagnostic laparoscopy. Diagnostic laparoscopy with laparoscopic ultrasound 
showed relevant previously unknown findings, particularly in patients with locally advanced adenocarci- 
noma of the distal esophagus or cardia (hepatic metastases in 22% and peritoneal tumor spread or free tu- 
mor cells in the abdominal cavity in 25%), whereas the diagnostic gain was low in those with squamous 
cell esophageal cancer. The sensitivity and specificity of laparoscopic ultrasound in predicting positive 
celiac axis lymph nodes were 67% and 92%, respectively. These data indicate that diagnostic laparoscopy 
with laparoscopic ultrasound and peritoneal lavage is safe and frequently provides therapeutically relevant 
new information in patients with locally advanced adenocarcinoma of the distal esophagus or cardia, 
whereas the clinical value in patients with squamous cell esophageal cancer is limited. (J GASTROINTEST 
SURG 1997;1:167-173.) 

With the availability of various therapeutic options 
in patients with cancer of the esophagus and cardia, 
the demand for more precision in pretherapeutic stag- 
ing is growing, particularly if multimodality concepts 
are employed. Only accurate tumor  staging allows an 
adequate selection of the ideal therapy for each pa- 
tient and a correct assessment of the response to pre- 
operative therapy.l-4 

Although the evaluation of wall penetration in pa- 
tients with carcinoma of  the esophagus and cardia 
has become very accurate with the introduct ion of  
endoscopic nltrasonography, diagnostic gaps remain 
in the detection of small liver metastases, peritoneal 
tumor  spread, and lymph node involvement.  1 It  is, 
therefore, not  u n c o m m o n  that  a scheduled curative 
resection must  be abandoned after the intraopera- 
rive detection of  a tumor  that is more advanced than 
was appreciated on standard preoperative diagnostic 
tests. 

In recent  years diagnostic laparoscopy has been 
shown to be superior to C T  and percutaneous ultra- 
sound in the assessment of intra-abdominal tumor  
spread and resectability in patients with carcinoma of 
the hepatobiliary system, pancreas, or stomach. 5-9 The  
recent introduction of laparoscopic ultrasonography 
with a flexible ultrasound probe, the use of diagnostic 
lavage for the detection of free tumor cells in the ab- 
dominal cavity, and the opportunity to obtain biopsy 
specimens under  direct visual or laparoscopic ultra- 
sound control make diagnostic laparoscopy today even 
more appealing for staging of gastrointestinal malig- 
nancies. 1~ In the present prospective study we at- 
tempted to determine whether diagnostic laparoscopy 
with laparoscopic ul trasonography and diagnostic 
lavage provides any diagnostic benefit in patients with 
cancer of the esophagus or cardia who had no evidence 
of systemic tumor  spread on standard staging tech- 
niques. 

From the Department of Surgery, Technische Universitiit Miinchen, Miinchen, Germany. 
Presented at the Thirty-Seventh Annual Meeting of The Society for Surgery of the Alimentary Tract, San Francisco, Calif., May 19-22, 1996. 
Reprint requests: H.J. Stein, M.D., Chirurgische Klinik und Polildinik der TU Miinchen, Kliniktun rechts der Isar, Ismaninger Str 22, 
D-81675 Miinchen, Germany. 
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M A T E R I A L  A N D  M E T H O D S  
Patient Popu la t i on  

In a prospective study diagnostic laparoseopy was 
performed between January 1994 and January 1996 
in patients with carcinoma of the esophagus or eardia 
referred for surgical resection or multimodal therapy. 
Prior to diagnostic laparoseopy, the following tests 
were performed in all patients: endoscopy with endo- 
luminal ultrasound and biopsy, standard chest x-ray 
examination, barium swallow, percutaneous ultra- 
sonography of the abdomen, C T  scan of the thorax 
and abdomen with intravenous and oral contrast, 
bone scan, and evaluation of hepatic, pulmonary, and 
renal function. Patients with hepatic metastases, other 
sTstemic tumor manifestations, or evidence of peri- 
toneal tumor dissemination on these standard staging 
techniques were excluded from diagnostic la- 
paroscopy. Patients who had previously undergone 
extensive upper gastrointestinal tract surgery and 
those whose overall physical condition was severely 
compromised were also excluded. 

A total of 127 patients were included in the study. 
Demographic data relating to these patients are pre- 
sented in Table I. There were 34 patients with squa- 
mous cell esophageal carcinoma located at or above 
the level of the tracheal bifurcation, 21 patients with 
squamous cell esophageal carcinoma located below 
the level of the tracheal bifurcation, 25 patients with 
adenocarcinoma of the distal esophagus (type I carci- 
noma of the gastroesophageal junctionl4), and 47 pa- 
tients with adenocarcinoma located at or immediately 
below the anatomic cardia (type II and III carcinomas 
of the gastroesophageal junction14). Diagnostic la- 
paroseopy with peritoneal lavage was performed in all 
patients. A complete laparoscopic ultrasound exami- 
nation was possible in only 88 of 127 patients because 
of technical problems with the ultrasound probe dur- 
ing the initial phase of the study. 

Techn ique  of  Diagnost ic  Laparoscopy 
W i t h  Laparoscopic  U l t r a sound  and 
Peritoneal Lavage 

Diagnostic laparoscopy was performed under gen- 
eral anesthesia according to a standardized protocol 
described in detail previously, lla~ Briefly, three troears 
(two t I mm and one 5 mm) were used routinely; a 
fourth 5 mm trocar was placed when dissection of the 
lesser sac was difficult or when dense adhesions were 
present. The first trocar (11 mm) was placed in the 
midline above the umbilicus and was used for inser- 
tion of the laparoscope. A 30-degree laparoscope was 
employed in all instances. MI additional trocars were 
placed under direct vision to the left and right of the 

first trocar and were used to insert a liver retractor and 
insmanents for manipulation and dissection. 

Prior to any manipulations, the entire abdomen 
was inspected and a diagnostic lavage of the upper ab- 
domen was performed with 200 ml of physiologic 
saline solution. The hiatus, the lesser curvature, and 
the hepatoduodenal ligament were carefully inspected 
after elevation of the left lobe of the liver. In all pa- 
tients the lesser sac was accessed through the gastro- 
colic or gastrohepatic ligament and evaluated for tu- 
mor manifestations. Laparoscopic ultrasonography 
was then performed with a flexible 7.5 mHz ultra- 
sound probe inserted through the second 11 mm tro- 
car. A screen divider allowed direct visual control of 
the position of the ultrasound probe during the ultra- 
sound examination (Fig. 1). The entire liver, the hepato- 
duodenal ligament, the lesser curvature, and the 
celiac axis region were scanned for metastases or en- 
larged lymph nodes. All suspicious lesions were biop- 
sled with the exception of the primary tumor and en- 
larged lymph nodes. Liver metastases were biopsied 
under direct vision or under laparoscopic ultrasound 
control using the screen divider. 

At the end of the procedure, a second lavage with 
200 ml of physiologic saline solution was performed 
to assess tumor cell spread that may have occurred 

Fig. 1. Example of how a screen divider allows viewing of 
laparoscopic and ultrasound images on a single monitor. The 
laparoscopic image shows the position of the flexible ultra- 
sound probe, the ultrasound image can be viewed simultane- 
ously. 
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dur ing  the manipulat ions .  T h e  abdominal  cavity 
was then rinsed with a cytotoxic solution of  0.5% 
taurolidine. T h e  entire procedure  was videotaped 
and all findings were documented on a standardized 
form. 

Data Analysis 

T h e  prevalence of previously unknown hepatic 
metastases, peritoneal tumor  dissemination, free tu- 
mor  cells in the lavage, and liver cirrhosis was calcu- 
lated for the entire patient populat ion and all sub- 
groups. The  sensitivity and specificity of laparoscopic 
ultrasound, percutaneous ultrasound, and C T  in the 
diagnosis of celiac axis lymph node metastasis were 
calculated by standard decision matrix using the 
histopathologic assessment of  the specimen in pa- 
tients undergoing primary resection as the "gold stan- 
dard." Surgeons performing the diagnostic la- 
paroscopy were blinded to the results of the other  
staging modalities. 

RESULTS 

There  was no mortal i ty or morbidi ty  associated 
with diagnostic laparoscopy. As documented by the 
second abdominal lavage performed at the end of all 
manipulations, diagnostic laparoscopy did not  result 
in any spread or mobilization of tumor cells. We did 
not  observe any implantation metastases at the port  
sites in the present study. 

Diagnostic laparoscopy and laparoscopic ultra- 
sonography yielded 44 relevant new findings in 31 
(24.4%) of 127 patients (Table 1I). None of these find- 
ings had been appreciated on standard preoperative 
staging modalities. MI of the patients with newly de- 
tected liver metastases or frank peritoneal tumor  
spread were excluded from curative resection or mul- 
timodal protocols and palliative therapy was initiated. 
A total of 58 patients underwent  primary resection, 
whereas 3 8 were included in neoadjuvant treatment 
protocols. Palliative therapy was instituted in the re- 
mainder. 

Table III presents the relevant findings in diagnos- 

T a b l e  I. Demographic data of the study population 

No. of Male:female Mean age 
patients ratio (yr) 

Squamous cell esophageal cancer located 34 29:5 52 
at or above the tracheal bifurcation 

Esophageal cancer located below the 
tracheal bifurcation 
Squamous cell carcinoma 21 17:4 54 
Adenocarcinoma (type I) 25 22:3 62 

Adenocarcinoma of the gastroesophageal 47 28:19 60 
junction (types II and III) 
TOTAL 127 96:31 56 

T a b l e  II. Relevant findings first detected by diagnostic laparoscopy with laparoscopic ultrasound and peritoneal 
lavage in 127 consecutive patients with carcinoma of the esophagus or gastroesophageal junction 

No. of % of 
patients population 

Liver metastasis I 1 
Liver metastasis and liver cirrhosis 1 
Liver metastasis and peritoneal carcinosis 4 

and free tumor cells 
Peritoneal carcinosis and free tumor cells 4 
Free tumor cells 4 
Liver cirrhosis 7 

Normal laparoscopic findings 96 

8.7 
0.8 
3.1 

3.1 
3.1 
5.5 

75.6 
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Table HI. Relevant findings first detected on diagnostic laparoscopy according to location 
of the primary tumor 

Hepatic Peritoneal Free tumor cells Liver 
metastases tumor spread on lavage cirrhosis 

1/34 (2.9%) 0/34 (0.0%) 0/34 (0.0%) 5/34(14.7%) Squamous cell esophageal cancer located 
at or above the tracheal bifurcation 

Esophageal cancer located below the 
tracheal bifurcation 
Sqnamous cell carcinoma 
Adenocarcinoma (type 13 

Adenocarcinoma of the gastroesophageal 
junction (types II and I1T) 
TOTAL 

2/21 (9.5%) 0/21 (0.0%) 0/21 (0.0%) 2/21 (9.5%) 
5/25 (20.0%) 3/25 (12.0%) 4/25 (16.0%) 0/25 (0.0%) 
8/47 (17.0%) 5/47 (10.6%) 8/47 (17.0%) 1/47 (2.1%) 

16/127 (12.5%) 8/127 (6 .3%) 12/127(9.6%) 8/127 (6.3%) 

Table IV. Relevant findings first detected on diagnostic laparoscopy according to histologic type and 
endosonographic T-stage of the primary tumor 

Hepatic Peritoneal Free tumor cells Liver 
metastases tumor spread on lavage cirrhosis 

Squamous cell esophageal cancer 
T1FF2 tumors 0/19 (0.0%) 0/19 (0.0%) 0/19 (0 .0%)  2/19(10.5%) 
T3FF4tumors 3/36 (8.3%) 0/36 (0.0%) 0/36 (0.0%) 5/36 (13.9%) 

Adenocarcinoma of the distal 
esophagus (type 1) 
T1FF2 tumors 1/9 (11.1%) 0/9 (0.0%) 0/9 (0.0%) 0/9 (0.0%) 
T3/W4tumors 4/16 (25.0%) 3/16 (18.6%) 4/16 (25.0%) 0/16 (0.0%) 

Adenocarcinoma of the gastroesophageal 
junction (types II and III) 
T1FF2tumors 1/13 (7.7%) 0/13 (0.0%) 1/13 (7.7%) 1/13 (7.7%) 
T3FF4 tumors 7/34 (20.6%) 5/34 (14.7%) 7/34 (20.6%) 0/34 (0.0%) 
TOTAL 16/127 (12.5%) 8/127 (6.3%) 12/127 (9.6%) 8/127 (6.3%) 

tic laparoscopy classified according to histologic tu- 
mor  type and location of the primary tumor. Previ- 
ously unknown hepatic metastasis or peritoneal tumor 
spread was frequently observed in patients with ade- 
nocarcinoma of the distal esophagus (type I tumors) 
or gastroesophageal junction (type II and HI tumors). 
In patients with squamous cell esophageal carcinoma, 
previously unknown liver metastases were uncom-  
mon, whereas liver cirrhosis was first detected by di- 
agnostic laparoscopy and confirmed by laparoscopic 
biopsy in up to 15% of these patients. These differ- 
ences were even more pronounced when patients with 
locoregional tumors (T1 or T2 tumors on endoscopic 
ultrasonography) were assessed separately from those 
with locally advanced disease (T3 or T 4  tumors on 
endoscopic ultrasonography). Diagnostic laparoscopy 

with laparoscopic ultrasound and peritoneal lavage 
showed previously unknown hepatic metastases or 
peritoneal tumor dissemination in up to 25% of pa- 
tients with locally advanced adenocarcinoma of the 
distal esophagus or gastroesophageal junction, 
whereas relevant new findings on tumor  extension 
were u n c o m m o n  in patients with squamous cell 
esophageal carcinoma (Table IV). 

T h e  sensitivity and specificity of  laparoscopic ul- 
trasound, percutaneous ultrasound and C T  in pre- 
dicting positive celiac axis lymph nodes are shown in 
Table V. Although laparoscopic biopsy of suspicious 
lymph nodes was omit ted in the present study, the 
sensitivity of laparoscopic ultrasound in the diagnosis 
of positive celiac axis nodes was markedly higher as 
compared to percutaneous ultrasound or CT. 
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Table V. Sensitivity and specificity of laparoscopic 
ultrasound, percutaneous ultrasound, and CT in 
the assessment of celiac axis lymph nodes 

Sensitivity Specificity 
("true positive") ("true negative") 

Laparoscopic 67% 92% 
ultrasound 

Percutaneous 35 % 78 % 
ultrasound 

C T  47% 82% 

DISCUSSION 

The current staging workup of patients with carci- 
noma of the esophagus and gastroesophageal junction 
is aimed at assessing the depth of wall penetration, 
lymphatic spread, and systemic metastases.l Although 
the staging of wall penetration can today be per- 
formed satisfactorily by endoscopic ultrasonography, 
there remains a diagnostic gap as far as intra-abdom- 
inal tumor dissemination and liver metastases are con- 
eerned. 16 Diagnostic laparoscopy has the potential to 
close this gap. Initial retrospective studies in patients 
with carcinoma of the esophagus and cardia have uni- 
formly demonstrated the superiority of diagnostic la- 
paroscopy over all other staging modalities in the de- 
tection of liver metastases, intra-abdominal lymph 
node metastases, and peritoneal tumor spread. 17-20 
Recent advances have made diagnostic laparoscopy an 
even more complete staging tool for gastrointestinal 
malignancies. These include laparoscopic ultrasonog- 
raphy with a flexible ultrasound probe and diagnostic 
lavage to search for free tumor cells in the abdominal 
cavity. 11,21 The present study shows that with the use 
of these new techniques, diagnostic laparoscopy pro- 
vides relevant additional information in up to 25% of 
patients. 

Hepatic metastases in patients with carcinoma of 
the esophagus or cardia are associated with a dismal 
prognosis. Exact knowledge of their presence or ab- 
sence is, therefore, essential before any extensive ther- 
apeutic approaches can be considered. Current modes 
for detecting liver metastases include pereutaneous ul- 
trasonography, CT and, more recently, MR/. How- 
ever, even with modem technology, liver metastases 
smaller than 1 cm cannot be reliably detected by 
means of these techniques.I, 16 In contrast, liver metas- 
tases smaller than 0.5 cm can be seen on laparoscopy 
if they are located at the hepatic surface, whereas the 
close contact of the laparoscopic ultrasound probe 
with the hepatic surface allows detection of previously 

unknown metastases deep within the hepatic 
parenchyma. In the present study previously unknown 
liver metastases were only diagnosed by laparoscopy 
and confirmed by laparoscopic-guided biopsy in 
12.5 % of all patients. Newly detected liver metastases 
were particularly frequent in the subgroup of patients 
with advanced adenocarcinomas of the distal esopha- 
gus or cardia (22%). A similar prevalence of previ- 
ously unknown hepatic metastases has also been re- 
ported in patients with advanced gastric carcinoma 
who are undergoing diagnostic laparoscopyA7,11 

The presence of peritoneal carcinosis or malignant 
ascites in patients with carcinoma of the upper gas- 
trointestinal tract is considered a contraindication for 
major surgical resections or neoadjuvant treatment 
protocols. 3,14 Peritoneal carcinosis or small amounts 
of malignant ascites cannot, however, be reliably di- 
agnosed by any of the currently available imaging 
techniques. In the present study diagnostic la- 
paroscopy detected previously unknown peritoneal 
tumor spread or free tumor cells in the abdominal 
cavity in 17% of patients with adenocarcinoma of the 
distal esophagus or gastroesophageal junction. Al- 
though the prognostic role of free tumor cells in the 
absence of frank peritoneal carcinosis is unclear in pa- 
tients with carcinoma of the esophagus or cardia, this 
finding may, similar to gastric cancer, indicate early 
peritoneal seeding. 22 

Tumor invasion of the celiac axis lymph nodes 
plays a dominant prognostic role in patients with car- 
cinoma of the esophagus or cardia.1 Because of the in- 
accessibility of this area, the pretherapeutie assess- 
ment of lymph node metastases at the celiac axis has 
been limited and their presence or absence has so far 
been disregarded in therapeutic decision making. In 
the present study assessment of the celiac axis region 
with a flexible laparoscopic ultrasound probe was su- 
perior to percutaneous sonography and CT in the di- 
agnosis of celiac axis lymph node metastasis. The ac- 
curacy of laparoscopic ultrasound in the assessment 
of lymph nodes may be increased even further by per- 
forming laparoscopic biopsies. Thus the status of the 
celiac axis lymph nodes can be included in any future 
treatment planning. 

Although it appeared safe in the present study, di- 
agnostic laparoscopy remains an invasive technique 
requiting general anesthesia and time in the operating 
room and, at least theoretically, carries a risk of tumor 
spread to the port sites and the abdominal cavity, s,23 
The clinical use of diagnostic laparoscopy should, 
therefore, be restricted to patients in whom the po- 
tential diagnostic gain outweighs any risk. The cur- 
rent study indicates that diagnostic laparoscopy pro- 
vides relevant new information regarding hepatic and 
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per i toneal  t umor  spread, part icularly in patients with 
locally advanced adenocarc inoma o f  the distal esoph-  
agus and cardia, whereas  the diagnostic yield in pa-  
tients with squamous cell esophageal  cancer  was low. 
Consequen t ly ,  at  o u r  ins t i tu t ion  d iagnost ic  lapa-  
roscopy with laparoscopic ul t rasound is now manda-  
to ry  in pat ients  wi th  locally advanced ca rc inoma o f  
the distal esophagus or gastroesophageal junction who 
are being considered for  neoadjuvant  therapy or  pri-  
mary  resection. 
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Discussion 
1~. R. Hinder (Omaha, Neb.). I would like more infor- 

mation on the true positive and true negative findings with 
respect to the liver. How often did you suspect there was 
liver metastasis, and you never detected it on biopsy, or vice 
versa? How often did you not see it and later, in the course 
of the patient's development of the disease, did you find that 
you had missed a liver metastasis? Furthermore, you never 
explained how you identified the true and false positives for 
the lymph nodes. Did you finally biopsy these lymph nodes 
so you could examine them microscopically? 

D~. H.J. Stein. The study was designed so that none of 
the liver metastases that I have presented had been sus- 
pected on our standard staging modalities. I f  we had a pa- 
tient who, on C T  or percutaneous ultrasound, had a sus- 

peeted liver metastasis, that patient would have undergone 
percutaneous biopsy, CT, or ultrasound-guided imaging 
and would not have been included in this study. None of 
the cases of liver metastases presented here, a total of 16 in 
the 127 patients, were suspected on C T  scan or percuta- 
neous ultrasound. 

M1 of our newly detected metastases were confirmed by 
means of laparoscopically controlled biopsy. All of the data 
presented are histologically documented metastases. Thus 
all of our positive findings are true positives as far as liver 
mestastases are concerned. 

The analysis of lymph nodes was based on patients who 
subsequently had surgery and lymphadenectomy in this 
area. Surgical removal of the lymph nodes and histopatho- 
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logic assessment of these lymph nodes served as the "gold" 
standard. The sensitivity and specificity were calculated 
based on surgical and histopathologic standards. We did not 
perform laparoscopic biopsy of lymph nodes at the celiac 
access site for fear of tumor spread. 

Dr. J. Peters (Los Angeles, Calif.). The key question 
limiting the use of diagnostic laparoscopy is, what are you 
going to do with the information that you gain and how will 
it alter your treatment plan? You have chosen to pursue 
"palliative therapy" in patients who have positive findings. 
Does that include transhiatal esophagectomy in your 
hands? I think most of us believe that esophagectomy is still 
the best form of palliation. 

Also, what is the "clinical value," as your title would sug- 
gest, of positive peritoneal washings or perhaps even celiac 
nodes, or a 5 mm hepatic metastasis? If you endorse trans- 
hiatal esophagectomy for palliation, then why not stage pa- 
tients at the time of laparotomy, pursuing a curative resec- 
tion in those that have negative operative findings and a 
palliative resection in the remainder? 

Finally, what is gained by the use of laparoscopic ultra- 
sound? As you may know, data from our institution suggest 
that celiac metastases do not preclude long-term survival, 
which makes the detection of small liver metastases really 
its only use. Would not the use of better imaging tech- 
niques such as CT portography be a less invasive means? 

Dr. Stein. Laparoscopy does alter our treatment. This 
is important to emphasize because this invasive staging 
modality does only make sense if it has an influence on de- 
cisions regarding therapy. 

In our hands the documentation of liver metastases, as 
small as you want, 0.5 mm or smaller, or the documenta- 
tion of peritoneal tumor spread would exclude the patient 
from a curative approach. We do not treat patients with sys- 
temic disease such as liver metastasis or peritoneal tumor 
spread by means of transhiatal resection. Our colleagues in 
internal medicine and gastroenterology have several non- 
invasive therapeutic options available for these patients. We 
tend to treat these patients palliatively using laser, stents, 
or percutaneous radiation. We do not perform palliative 
resections because of the associated high morbidity and 

mortality and the availability of less invasive and equally 
effective palliative options. 

What is the clinical importance of free tumor cells? We 
have previously shown that free tumor cells in the abdom- 
inal cavity, shown by abdominal lavage, are equivalent to 
peritoneal tumor spread. The prognosis for these patients is 
poor and cannot be improved by either chemotherapy or 
surgical intervention. We offer palliation if they have dys- 
phagia, by means of laser therapy or stents, but we do not 
consider any type of aggressive surgical treatment if we find 
free tumor cells in the abdominal cavity. 

Why do we not perform staging at the time of laparot- 
omy? We would like to offer patients the potential benefits 
of neoadjuvant modalities. Diagnostic laparoscopy is inva- 
sive, but it is less invasive than a diagnostic laparotomy. 

What  is the prospect of other staging modalities? Of 
course, with high-resolution positron emission tomogra- 
phy, MRI, and CT  portography, this study probably will 
have to be redone. We are currently using the standard 
staging techniques, that is, CT  with intravenous and oral 
contrast and percutaneous ultrasound, which today repre- 
sent the available staging modalities at most community 
hospitals. 

D~. J. Hunter (Atlanta, Ga.). In your Methods section, 
you suggested that there would be some benefit to opening 
and exploring the lesser sac, and yet you told us very little 
about that. Were there any benefits to performing that ex- 
ploration, and what are your feelings now about the utility 
of lesser sac exploration in laparoscopic staging of esoph- 
ageal cancer? 

1~. Stein. We found peritoneal tumors only in the lesser 
sac in three of our patients. These would have been missed 
if we had not opened the sac. 

Dr. E. van Dykum (Amsterdam, The Netherlands). 
What was the additional value of laparoscopic ultrasonog- 
raphy in these patients? 

1~. Stein. Most of the liver metastases were detected by 
laparoscopic ultrasonography alone. Only 2 of the 16 cases of 
newly detected liver metastases were found on direct inspec- 
tion; thus 14 of the 16 cases of newly detected liver metas- 
tases were noted only on laparoscopic ultrasonography. 



Receptor-Dependent Growth Inhibition of Human 
Pancreatic Cancer by 9-cis Retinoic Acid 
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Pancreatic cancer continues to be a lethal disease and ranks as the fifth major cause of cancer death with 
a 2-year survival rate of only 8%. Although significant progress has been made in the surgical manage- 
ment of this malignancy, there have been only minimal advances in adjuvant therapy. Based on the lack 
of effective adjuvant or primary therapy for these patients, we tested the effects of various retinoids (all- 
tram, 9-cis, and 13-c/s retinoic acids) on the growth of several human pancreatic cancer cell lines. Four hu- 
man pancreatic cancer cell lines, designated PANC-I, ASPC, BxPc, and HPAF, were studied. Three types 
of retinoic acid were added to subconfluent monolayers of the different cancer cell lines over a range of 
concentrations (1 to 20 ~mol/L). Effects on cell growth were determined daily over 96 hours by a cell 
proliferation assay (MTT). Nuclear receptor (RAR/RXR) transcript and protein were determined by re- 
verse transcription polymerase chain reaction and Western blot analyses. Three (PANC-1, ASPC, and 
BxPc) pancreatic cancer cell lines responded in a dose-dependent fashion with a significant decrease in cell 
growth at clinically relevant concentrations of 9-cis retinoic acid (7.5 to 10 ~mol/L). All-tram and 13-cis 
retinoic acid did not affect cell growth in the four pancreatic tumors. (J GASTROINTEST SURG 1997; 
1:I74-181.) 

Adenocarcinoma of the pancreas is currently the 
fourth or fifth most common cause of cancer death in 
the United States. The incidence has continued to in- 
crease with some 28,000 new cases per year; only 8% 
of these patients are still alive at 2 years. 1 Yet a great 
deal of progress has been made in the surgical treat- 
ment of this disease, with most academic centers re- 
porting a perioperative mortality rate of 5 % or lessf1,3 
However, despite the significant improvement in sur- 
gical treatment, long-term survival has not improved. 4 
Given that the majority of patients are not treatable 
by operative resection and chemotherapy alone is rel- 
atively ineffective in treating advanced pancreatic can- 
cer, new therapeutic strategies are needed if we are to 
attain significant improvement in patient survival. 

Retinoids offer strategies that focus on a parallel 
induction of tumor differentiation and inhibition of 
tumor cell proliferation. ~,6 Vitamin A (retinol) and its 
naturally occurring derivatives, all-trans retinoic acid 
(ATRA), 3,4-didehydroretinoic acid, and 9-cis retinoic 
acid (9-cis RA) have demonstrated their effectiveness 
in numerous studies by inhibiting a variety of malig- 
nancies in experimental tumor models. 7-I~ Over the 

past several years much has been learned concerning 
the mechanisms by which retinoids exert their 
growth-inhibiting effect and induce tumor cell differ- 
entiation.~l Currently we know of two families of  nu- 
clear retinoic acid (RA) receptors, each consisting of 
three isoforms: cq [3, and ~/. Both retinoic acid recep- 
tors (RARs) and retinoic X receptors (RXRs) are lig- 
and-inducible transregulators of  transcription activity 
initiated from RA promoter  targeted DNA. 5,12-14 
These two classes of  receptors (which belong to a 
larger superfamily of steroid receptors) mediate the 
actions of  endogenous retinoic acids. The character- 
istic feature of these receptors is that they bind to 
D N A  regulatory regions called retinoic acid response 
elements and activate transcription in a ligand-de- 
pendent  manner. 15,16 Within the nuclear receptors 
there are several structural domains. In particular 
there is a ligand-binding domain (region E) at the car- 
boxyl terminus, which controls not only ligand bind- 
ing but nuclear translocation, dimerization, transac- 
tivation, and interaction with heat shock proteins. 
The  conserved DNA binding domain (region C) has 
several cysteine residues coordinated by zinc "fingers" 
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Fig. 1. Schematic of RA receptor structural genetic domain. 
Retinoid action is mediated by two families of receptors-- 
retinoic acid receptors (RARs) and retinoic X receptors 
(RXRs)--each with three subtypes: alpha, beta, and gamma. 
Each receptor with its domain A-F for RARs and A-E for 
RXRs with the number of amino acids ranging from 410 to 
467. 

that tightly bind RAR and RXR response elements. 
The function of regions D and F is unknown (Fig. 1). 
These nuclear receptors bind as dimers with the fa- 
vored dimeric species, an RXR/RAR heterodimer, s 
The heterodimer, through an intrinsic activation re- 
gion referred to as AF-2 (region E) (located in the lig- 
and-binding domain), translates the ligand-binding 
signal to transcriptional activity. 

The naturally occurring ligand for RARs in vivo is 
ATRA, whereas the RXRs preferentially bind to 9-cis 
RA. 15-17 The  diversity of the biologic processes af- 
fected by RA as well as the tissue-specific expression 
of RAR/RXR subtypes suggest that each subtype has 
a specific function, thereby determining whether any 
given cell is retinoid sensitive or resistant. 16 However, 
it is now known that RAR 13 acts as a tumor suppres- 
sor gene in human epidermoid small cell lung cancer 
and that the t(15:17) translocation breakpoint of acute 
promyelocytic leukemia lies within the RAR-• lo- 
cus. l~ This latter finding has allowed clinical treat- 
ment with ATRA in patients with acute promyelocytic 
leukemia, thereby inducing leukemia cell differentia- 
tion and achieving remission in a large proportion of 
patients. 

At the present time little is known about the effects 
of retinoids on pancreatic cancer. In this study we 
have evaluated the potential therapeutic role of retin- 
oids in ductal pancreatic cancer and characterized the 
elements responsible for this response. 

M A T E R I A L  A N D  M E T H O D S  
Cell Culture 

All pancreatic cancer cell lines (PANC-1, ASPC, 
BxPc, and HPAF) were obtained from American Type 
Culture Collection (Rockville, Md.). These cell lines 
were maintained in RPMI-1640 medium supple- 
mented with L-glutamine (200 mg/ml), penicillin (100 

mg/ml), streptomycin (25 mg/ml), and 10% heat-in- 
activated fetal bovine serum (FBS) at 37 ~ C in a hu- 
midified 5 % carbon dioxide atmosphere. 

Growth Inhibition Assays 

Cell lines were grown to confluence in 100 mm 
flasks, and 0.25% trypsin (Gibco, Grand Island, N.Y.) 
was subsequently added. Cells (5000) were plated in 
96 well plates in RPMI-1640 medium supplemented 
with 10% FBS. These cells were allowed to adhere 
for 24 hours, after which the medium was removed 
and complete media (RPMI-1640 with 10% FBS), 
with graduated concentrations (2.5, 5, 7.5, and 10 
mmol/L) of 9-cis RA, ATRA, and 13-cis RA (the 
stereoisomer of ATRA) (Sigma Chemical Co., St. 
Louis, Mo.) were dissolved in 0.1% dimethyl sulfox- 
ide (DMSO). Cells were also grown in RPMI-1640 
with 10% FBS in 0.1% DMSO as a control. These 
cells were counted using the M T T  assay (Promega 
Corp., Madison, Wis.) (which measures intracellular 
dehydrogenases) at 96 hours. Viability was deter- 
mined by trypan blue exclusion. 

Reverse Transcriptase-Polymerase 
Cha in  Reac t ion  

Reverse transcription of RNA from cell lines was 
performed using 1 t~g total RNA, 100 pmol/L random 
hexamer primer, 1 mmol/L, dithiothreitol 6 mmol/L 
Mg ~§ 500 i~mol/L of each deoxynucleoside triphos- 
phate, and 20 U RNAsin (Promega Corp.) and 
Moloney murine leukemia virus reverse transcriptase. 
The reverse transcriptase mixture was used directly as 
a template for the polymerase chain reaction (PCR) 
in a dilution of 1:20. For amplification the following 
receptor subtype-specific 5'- and 3 '-primers were de- 
signed complementary to the human or mouse nu- 
cleotide sequences: 

Human RAR a, 
5'-TGGGT, GGACT, CTCCC,CGCCA 

(5' -primer) and 
5'-CAC-GC,TGACG,CCGGA, GGTGG,G 

(3 '-primer) 
Human RAR 13 

5 '-CACTG,GCTTG,ACCAT, CGCAG,ACC 
(5 '-primer) and 

5'-CGTGC,AGCTG,GATCT, GGGGC,TG 
(3 '-primer) 

Human RXR ~, 
5'-ATGGC,TGCCC,CCTCG, CTGCA, C 

(5 '-primer) and 
5 ' - GGC GC ,AGATG,TGCTT, GGTG 

(3 '-primer) 
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Human RXR [3, 
5'-ATGCC,ACCCC,CGCCA, CTGGG,C 

(5 '-primer) and 
5'-GCCTC,CAGGA,TCCTG,TCCAC,AGGC 
(3 'primer) and 

Mouse RXR 7, 
5 '-CCCCT, GGTCA, CACTG, GCTCG,ACG 

(5'-primer) and 
5'-CACCA, GAGAC,CCAGG,GCTGG,TGG 

(3 '-primer). 

The expected molecular size of the PCR amplifica- 
tion products was as follows (in base pairs): RAIl c~, 
438; RAR [3, 435; RAR "~, 515; RXR ~, 327; RXR 13, 
552; and RXR 7, 351. The reaction was performed in 
10 mmol/L Tris-HC1 buffer (pH 9.0) containing 50 
mmol /L KCI,  0.01% Triton X-100, 1 mmol/L 
MgCI2, 200 txmol/L of each deoxynucleoside tri- 
phosphate, 50 pmol/L of each primer, and 2.5 U 
Thermus aquaticus DNA polymerase in a final volume 
of 50 Ixl. Polymerase chain reaction for the human 
RAR a was performed in the same buffer except for 
an MgC12 concentration of 1.5 mmol/L. Amplifica- 
tion conditions for 35 cycles were performed as fol- 
lows: denaturation for 30 seconds at 92 ~ C, annealing 
at 60 ~ C for 90 seconds, and extension for 90 seconds 
at 72 ~ C with an increase of 5 seconds each cycle. An 
extension was performed for an additional 10 minutes 
after completion of all 35 cycles. For each experi- 
mental condition, one RNA aliquot was amplified 
without having been subjected to the reverse tran- 
scription PCR. This internal control was required to 
ensure that the observed PCR product was not due to 
amplification of contaminating genomic DNA. 

Western Blot  Analysis 

Pancreatic cancer cell lines in 100 mm flasks were 
grown to confluence, trypsinized (0.25%), lysed in 1 
• RIPA buffer (1% NP-40, 0.5, sodium deoxy- 
cholate, 0.1% sodium dodecyl sulfate (SDS), 50 
mmol/L Tris-HCE, 150 mmol/L NACE, 1 mmol/L 
Na2-EDTA, and 0.1 mmol /L EGTA), and spun 
10,000 • g for 20 minutes. The  supernate was re- 
moved and assayed for protein concentration (Bio- 
Rad Laboratories, Life Science Group, Hercules, 
Calif.), and 30 ~g of protein was combined with 5 • 
SDS - page sample buffer - and run on 8% SDS - 
polyacrylamide gel at 100 volts for 2~A hours. Proteins 
were then transferred to a nitrocellulose membrane 
(0.45 ram) overnight at 40 volts. Nonspecific binding 
sites were blocked by incubating them with 5 % non- 
fat dried milk in phosphate-buffered saline (PBS) so- 
lution for 3 hours. 

Blots were washed three times in PBS and incubated 

with primary antibody RAR [3 (polyclonal antibody) or 
RXR [3 (monoclonal antibody) from Affinity Biore- 
agents (Golden, Colo.) in PBS plus 0.05% Tween 20 
solution at 1:2000 dilution overnight (18 hours). The 
blots were washed three times with PBS plus 0.05% 
Tween 20 and two antibodies--a biotinylated goat 
antimouse or goat antirabbit IgG antibody--was 
applied at 1:30,000 dilution for 3 hours. The blots were 
washed three times with PBS or Tris plus 0.05% 
Tween 20 using six changes over 1 hour. The  blots 
were developed with the Vectastain ABC development 
kit (Vector Laboratories, Inc., Burlingame, Calif.) and 
with the enhanced chenfilmninescence kit (Amersham 
Corp., Arlington Heights, Ill.). 

Statistical Analysis 

Statistical analysis of the growth inhibition curves 
were performed by means of the Wilcoxon rank-sum 
test. 

R E S U L T S  
G r o w t h  Inh ib i t ion  Studies 

To initially determine the antiproliferative effect of 
retinoids in vitro, we examined the following four hu- 
man pancreatic ductal carcinoma cell lines: PANC-1, 
ASPC, BxPc, and HPAF. Our initial studies involved 
both ATRA and 13-cis RA, with neither demonstrat- 
ing growth inhibition in any of the four cell lines in 
the physiologic dosage range (5 to 10 mmol/L) (only 
the BxPc cell line shown) (Fig. 2) 19 However, our ap- 
plication of 9-cis RA consistently demonstrated sig- 
nificant growth inhibition in all of the cell lines ex- 
cept HPAF at 7.5 and 10 mmol/L, when assayed at 72 
and 96 hours P <0.01 (see Fig. 2). 

Expression o f  Nuclea r  RARs and RXRs in 
Pancreat ic  Ca rc inoma  Cell  Lines  

Reverse transcription of the retinoic receptors, us- 
ing oligonucleotide primer (isoform specific) comple- 
mentary to the human nucleotides, detected expres- 
sion of the mRNA message for the 7 isoform of the 
RAIl but not the e~ and 13 isoforms, which were not 
detected at 28 or 35 cycles in any of the four human 
lines. This RAR ~/isoform has been identified and 
previously described as a 515 base pair (bp) band, 
identical to the band seen in this study. Next, expres- 
sion of the RXR subtypes was identified in two of the 
three isoforms (cx and [3 but not 7) in each of the four 
lines (Fig. 3). These isoforms were identified at their 
characteristic bands, e~ isoform at 327 bp and the RXR 
[3 isoform at 552 b p .  19 
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Fig. 2. Growth inhibition curves for 9-c/s RA in four pancreatic cancer cell lines (A, ASPC; B, BxPc; and 
C, PANC- 1. Continued. 
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Fig. 2, eont'd. D, HPAF). Each line was tested in triplicate; 5000 cells were seeded in 96 well plates, in- 
cubated with varying concentrations of 9-cis RA (no response was seen, even at the highest dose, in 13- 
cis RA or ATRA), and assayed at 24-hour intervals for 4 days. Each cell line demonstrated a significant 
inhibitory response to 7.5 and 10 mmol/L of 9-cis RA by day 3 or 4 in all cell lines except HPAF; 20 
mmol/L of 9-c/s RA was toxic to all cell lines. Inhibition of the BxPc cell line with ATRA (E) and 13-c/s 
RA OF) is also shown. Each of the cell lines failed to respond at similar (physiologic) concentrations of 
ATRA. BxPc cell line is shown as a representative example. 
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" • ,  RKR RAR ~ RXR RAR 

B 

RXR RAR ~ RXR RAR 

C D 

Fig. 3. Reverse transcription polymerase chain reaction (PCR) for RXR and RAR isoforms. Total RNA 
(1.0 rag) isolated from several confluent monolayers of each cell type (A, PANC- 1; B, ASPC; C, BxPc; 
and D, HPAF) was used in reverse transcription PCR analysis (35 cycles) with isoform specific sense 
and antisense primer. Amplification products were separated on 2% weight/volume agarose gel and 
stained with ethidium bromide. Each gel contained a 1.0 kilobase pair DNA ladder, which served as a 
molecular mass marker (Stds). A, Reverse transcriptase analysis of the PANC-1 cell line labeled from 
left to right demonstrating characteristic products for RXR f3552 bp cr bp and for RAP, ~/515 bp. 
This same configuration of products is seen for each of the other cell lines (B, C, and D). 

W e s te rn  Blot  Analysis 

Western blot analysis with commercially available 
antibodies, RAR ~/(polyclonal antibody), 1:2000 di- 
lution, and RXR [3 (monoclonal antibody), confirmed 
the presence of RAR ~/receptor protein as evidenced 
by a 52 kd protein in all four cell lines (Fig. 4). How- 
ever, the presence of the RXR ~ receptor was found 
to be expressed in 0nly three (ASPC, PANC-1, and 
BxPc) of the four lines, which responded to 9-c/s RA 
growth inhibition (see Fig. 4). This protein RXR 
(which binds only 9-cis RA) was not  found in the 
HPAF cell line, which failed to respond to physiologic 
doses of 9-c/r RA. 

D I S C U S S I O N  

The majority of patients diagnosed as having pan- 
creatic adenoearcinoma present with locally advanced 
disease. To date, highly aggressive chemotherapy ap- 
proaches have had only a minimal impact on survival. 

Recently retinoids have been used to treat a variety of 
malignancies with the presumed mechanism of action 
being induction of cellular differentiation and inhibi- 
tion of tumor cell growth. This occurs through ligand 
binding to specific nuclear retinoic acid receptor 
(RARs and RXRs) interactions, which in turn control 
the transcription of genes via interaction with specific 
DNA sequences, RA response elements. 2~ These cis- 
acting DNA 5 response elements have previously been 
shown to activate and modulate a number of tran- 
scription target genes and resulting gene products for 
basement membrane proteins such as laminin B1 and 
collagen type 1~. s These products can certainly play a 
vital role in cell infrastructure and elements critical to 
cellular and organ cytoskeleton structure. Our data 
support the notion that the critical point of cellular 
sensitivity is the presence of nuclear receptors. All four 
of the cell lines appear to express the message of one 
or more isoforms from each of the receptor groups. 
The significance of this may be reflected in the lack of 
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Fig. 4. "Western blot analysis of RXR and RAP, receptor pro- 
teins. Extracted proteins were harvested from total cellular ex- 
tract from all four ceil lines (1 • 106 cells per lane). A, Samples 
were analyzed (run on 10% weight/volume reducing SDS- 
page polyacrylamide gel) by- affinity purified monoclonal znf- 
body against RXR !8, demonstrating the characteristic 50 to 55 
KD band for the RXR [3 complex, the presence of which is 
seen in all cell lines except HPAF (a faint band is seen in the 
PANC-I cell line). B, Ami-RAR'y polycional antibody demon- 
strates a 52 KD band in all four of the pancreatic cell lines con- 
slstent with the 1L/kR 3' receptor. 

for RAIl ~/demonstrated the presence of this receptor 
in all of the cell lines. Messenger RNA for the RXR 
nnctear receptors identified both [3 and a isoforms. 
Western blot analysis with an anti-RXR f3 monoclonal 
antibody confirmed the presence of the receptor in all 
of the 9 - ~  RA responsive cell line but not HPAE This 
is significant in that the preferred in vivo ligand for 
RXRs is 9-cis RA, the only RA derivative that pro- 
duced a statistically significant growth inhibition in 
three of the four cell Hues, which also expressed the 
RXR [3 receptor protein. The lack of a response in the 
HPAF cells, which failed to respond to either ATRA 
or 13-c/~ RA (the stereoisomer of ATRA), was consis- 
tent with observations in other cell lines. However, in 
contrast to the other cell lines that exhibited a signifi- 
cant response at 7.5 and t0 mmol/L of 9-c6" RA, this 
cell line demonstrated no growth inhibition at either 
dose. This biologic response, or lack of growth inhibi- 
tion, may be explained by the absence of  the RXR B 
receptor protein, which may be essential for 9-cis RA  
to achieve its anfiproliferative effect in pancreatic can- 
cer. Clearly, further characterization of each of the nu- 
clear receptor proteins is needed in addition to evalu- 
ation of the presence and level of cellular RA binding 
proteins, which are thought to control the availability 
of flee RA within the cell. 2~ In vivo studies must also 
be addressed in order to evaluate the efficacy of  these 
preparations. This remains somewhat of a challenge 
since the normal route for RA is oral and bioavailabil- 
ity is largely dependent on oral food intake, hut an in- 
traperitoneal model is currently being evaluated for in 
vivo efficacy. The  fact that 9-cis RA  demonstrated 
growth inhibition in three of the four pancreatic tu- 
mor cell lines is encouraging since this inhibition ap- 
pears to be related to expression of  the 9-cis RA li- 
gand-specific RXR 13-receptor protein. Finally, this 
may lead to opportunities for clinical therapeutic in- 
tervention for pancreatic cancer as well as possibly al- 
lowing gene therapy intervention for manipulation of 
specific nuclear receptors to further potentiate the 
therapeutic effects of RA in these types of rumors. 22 

growth inhibition in these nn'nors to physiologic con- 
centrations of ATRA and 13-cis RA; this contradicts 
previously reported data IQ on the response of pancre- 
atic cancer to RA. This study by Rosewicz et al. 19 
found a broad uniform response to ATRA in all of the 
human cancer cell lines tested but not in the rat aci- 
nat cell line AR 42J. However, the cellular compo- 
nents of this response were primarily evaluated at the 
mRNA (message) level, which does not guarantee pro- 
tein expression. Our studies show that only" the mes- 
sage for the RAIl ~/isoform was found with no evi- 
dence of the (x and t3 isoforms. Western blot analysis 
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Discussion 
Dr. R.H. Bell, Jr. (Seattle, Wash.). I wonder whether 

there are examples in other better studied types o f  tumors, 
whether the absence o f  these nuclear receptors for RA is 
associated with a change in the biology of  the tumor. Have 
you had the opportunity to perform PCR analysis on any 
fresh pancreatic cancer specimens and determine whether 
you can detect the absence of  receptor expression in oper- 
ative specimens and correlate that with the extent of  differ- 
entiation or survival? 

Dr. S.M. Vickers. I t  is believed that in small cell epider- 
moid cancer of  the lung the lack of  RAR 13 is a tumor sup- 
pressor gene, so the lack of  that receptor, in fact, leads to 
overgrowth of  that tumor. We have some primary cells that 
we are going to examine for expression, or lack of  expres- 
sion, of  those receptors to determine whether they in fact 
function as a tumor suppressor gene. 

Dr. Bell. You stated that RA has an effect on the synthe- 
sis of  basement membrane proteins. Does it have any effect 
on matrix and the development of  metastases? 

D~. Pickers. I do not  know. I would like to think it does 
because it may play some role in metastasis. I t  clearly has 
some effect on structural proteins. 

Dr. L. Boros (Columbus, Ohio). What  was the method 
you used to count the cells? 

D~. Vickers. The  M T T  assay (a cellular dehydrogenase 
based assay) is used like an enzyme-linked immunosorbent 
assay; it is a colorimetric assay so one is measuring against 
a standard curve o f  viable cells with a known quantity. A 
specific color is obtained for a count for a known number of  
cells. 

Dr. Boros. Is the retinoic acid already in the system 
when you add the formazan dye? We had a problem with 
that assay. T h e  formazan accumulated and it was turned 
into a dye related to mitochondrial function. Any agent that 
affects the metabolism of the cell will significantly change 
the outcome of  the assay. I would suggest you consider this 
in future experiments. 

1~. D. McFadden (Los Angeles, Calif.). In the breast 
cancer literature it appears that these agents are more ef- 
fective in chemoprevention than therapy. Have you consid- 
ered using them in the tumor genesis model in pancreatic 
cancer. 

Dr. Pickers. That  certainly would be an area in which 
RA may be seen to play a more significant role. We have 
not  attempted to use it in a model yet, and I think probably 
its ultimate role may be that as opposed to treatment. 



Long-Term Outcome of Completion Gastrectomy 
for Nonmalignant Disease 
Mehrdad Farahmand, M.D., Brett C. Sheppard, M.D., Clifford W. Deveney, M.D., 
Karen E. Deveney, M.D., Richard A. Crass, M.D. 

Between 1989 and 1995 we performed completion gastrectomy for non-malignant disease in 21 patients 
(11 men and 10 women, mean age 48.4 years). These patients had undergone a total of 48 prior gastric 
operations. Indications for completion gastrectomy in this group were anastomotic ulceration with stric- 
ture in eight patients, alkaline reflux gastritis and/or esophagitis in eight, postsurgical gastroparesis in 
two, gastroesophageal necrosis in two, and gastrocutaneous fistula in one. Major preoperative symptoms 
included nausea and vomiting in 16 cases, abdominal pain in 15, dysphagia in 14, heartburn in seven, 
and weight loss in five. Following completion gastrectomy, five patients (24%) had serious complications 
and there was one postoperative death (5%). Five patients were lost to follow-up. For the remaining 15 
patients, mean follow-up has been 30 months with a range of 1 to 70 months. These patients were all in- 
terviewed and eight (53 %) report significant improvement, two (13 %) report moderate improvement, and 
four (27 %) report no improvement; one patient (7 %) has had worsening of symptoms since undergoing 
completion gastrectomy. The average body weight index was essentially unchanged after completion gas- 
trectomy. We conclude that completion gastrectomy with Roux-en-Y esophagojejunostomy results in a 
favorable outcome in the majority of selected patients with diseases of the foregnt who are unresponsive 
to less radical treatment. (J GASTROINTEST SURG 1997; h 182-187.) 

Total gastrectomy has traditionally been consid- 
ered a radical procedure because it was initially asso- 
ciated with a relatively high operative mortality and 
morbidity. Although postoperative sequelae such as 
dumping syndrome and chronic diarrhea occur with 
similar frequency after subtotal gastrectomy, patients 
undergoing gastrectomy have been particularly prone 
to malnutrition and weight loss, and total gastrectomy 
has been utilized only in patients with gastric carci- 
noma. Initially, total gastrectomy was used primarily 
for "curative resections" in patients with gastric carci- 
noma because many believed that the resultant met- 
abolic abnormalities precluded its use as a palliative 
procedure. 1 Because many of these patients had a re- 
currence of the carcinoma and died within a relatively 
short period of time after surgery, it was difficult to 
evaluate the effect of total gastrectomy on the quality 
of life. 

In the 1960s and 1970s total gastrectomy was fre- 
quently used as an effective method of obliterating 

hyperacidity in patients with Zollinger-Ellison syn- 
drome. 1-5 Because these patients had either benign tu- 
mors or low-grade malignancies, their nutritional sta- 
tus could be assessed independently from their tu- 
mors. Patients who underwent total gastrectomy for 
Zollinger-Ellison syndrome did well in terms of nu- 
trition or weight maintenance provided that bile was 
diverted from the esophagus. A Roux-en-Y esophago- 
jejunostomy with diversion of the bile 40 cm distally 
has, therefore, become the standard method of bile 
diversion following total gastrectomy, t-6 Some sur- 
geons prefer to fashion a jejunal pouch at the 
esophageal anastomosis, whereas others perform stan- 
dard end-to-side esophagojejunostomy. The  critical 
factor in reconstruction, however, is diversion of bile 
from the esophagus rather than construction of a par- 
ticular pouch. 

The  lack of serious nutritional sequelae in patients 
with Zollinger-Ellison syndrome treated with total 
gastrectomy has prompted surgeons to use total gas- 
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trectomy to treat such benign diseases as recurrent 
peptic ulcer following several ulcer operations, post- 
surgical gastroparesis, chronic gastric atony, and mul- 
tiple failures of antireflux operations. Although total 
gastrectomy is currently being used to treat several 
nonmalignant conditions, there is a relative paucity of 
data on the long-term morbidity of this procedure in 
these patients. We evaluated nutritional outcomes and 
long-term patient satisfaction in a series of patients 
who underwent total gastrectomy for nonmalignant 
disease. 

MATERIAL A N D  M E T H O D S  

Between 1989 and 1995, a total of 21 patients un- 
derwent completion gastrectomy for benign disease 
at Oregon Health Sciences University Hospital and 
at Portland Veterans Affairs Medical Center. This in- 
cluded 11 men and 10 women whose average age was 
48.4 _+ 13 standard deviation years (range 26 to 76 
years). 

Four patients were lost to follow-up and two have 
since died. The remaining 15 patients were contacted 
by phone or seen and evaluated in person. They were 
questioned regarding their general health and any 
specific gastrointestinal complaints. They were asked 
about their eating habits and any dietary restrictions. 
In addition, blood samples were obtained from most 
of them for determination of albumin, hematocrit, 
and total protein levels. 

Patients were also weighed and this weight was 
compared with the preoperative weight. In addition 
to absolute weight, we calculated the body weight in- 
dex (BWI), which is a better indicator of nutritional 
status. BWI was calculated by dividing the body 
weight in kilograms by the square of height in meters: 
BWI (kg/m 2) = weight (kg)/height 2 (m). BWI of 20 
kg/m 2 is considered a level above which patients are 
considered to be receiving adequate nourishment and 
below which they are considered to be malnourished. 

RESULTS 

Twenty-one patients underwent completion gas- 
trectomy. Two required esophagectomy with right 
colon interposition. This group of 21 patients had 48 
operations before undergoing completion gastrec- 
tomy. The operations are listed in Table I. The indi- 
cations for completion gastrectomy are presented in 
Table II. There were five major complications (24%) 
including two cases of intra-abdominal abscesses. One 
patient was returned to the operating room for 
drainage of the abscess and one was treated with per- 
cutaneous drainage. In a third patient, multiple ab- 
dominal abscesses were due to anastomotic leakage 

and resulted in peritonitis, sepsis, and eventually 
death. This was the only operative death (5%) and it 
occurred 40 days after completion gastrectomy. Other 
complications included postoperative pneumonia, 
which resolved with antibiotic treatment, and one 
case of respiratory distress, which required a short pe- 
riod of intubation and mechanical ventilation. The 
last complication was pseudomembranous colitis, 
which was initially misdiagnosed and attributed to 
dumping syndrome. The correct diagnosis was even- 
tually made and the patient was treated with oral van- 
comycin, after which her symptoms rapidly resolved. 

All patients underwent routine postoperative gas- 
trografin swallow examination approximately 1 week 
postoperatively to evaluate the integrity of the anas- 
tomosis. Only one patient showed radiographic evi- 
dence of a leak (one of the two patients with colon in- 
terposition), and this was treated by withholding oral 
intake for one additional week, at which time results 
of repeat Gastrografin study were normal. There 
were two other documented cases of anastomotic 
leakage. One occurred in a patient who presented 20 
days after surgery complaining of fever, chills, and ab- 
dominal pain. Repeat Gastrografin swallow test re- 
vealed a small leak, which was successfully treated 
nonsurgically with total parenteral nutrition, intra- 
venous antibiotics, and restriction of oral intake for 1 
week. The other leak occurred in the one patient who 
died postoperatively. This patient was seen at another 

Table I. Surgical procedures prior to completion 
gastrectomy 

Vagotomy and antreetomy with Billroth I 6 
Vagotomy and antreetomy with Billroth II 10 
Roux-en-Y gastrojejunostomy 5 
Partial gastrectomy 2 
Vagotomy and pyloroplasty 3 
Nissen fundoplication 12 
Gastric banding or stapling for weight loss 5 
Other 5 

TOTAL 48 

Table II. Preoperative diagnosis and indications for 
completion gastreetomy 

Anastomotic ulcer with stricture 8 
Recurrent reflux gastritis/esophagitis 8 
Postsurgieal gastroparesis 2 
Gastroesophageal necrosis 2 
Gastrocutaneous fistula 1 

TOTAL 21 
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hospital complaining of high fever, nausea, vomiting, 
and a rigid abdomen. Exploratory laparotomy re- 
vealed a defect in the anastomotic area with multiple 
intra-abdominal abscesses. This patient developed 
sepsis and multiorgan failure and eventually died. Two 
of the leaks (15%) were in hand-sewn anastomoses 
and one (12%) occurred in a stapled anastomosis. 

Three patients (14%) developed anastomotic stric- 
tures and required endoscopic dilatation. Two of the 
anastomoses (15%) had been hand sewn and one 
(12 %) was stapled. One of these strictures occurred in 
a patient with colon interposition. Three patients have 
since required revision of their esophagojejunos- 
tomies, two for stricture and one for reflux esophagitis. 

One patient died 4~ months after surgery as a re- 
sult of septic arthritis, endocarditis, and aspiration 
pneumonia, and four patients have been lost to fol- 
low-up. The other 15 patients were interviewed by 
phone or in person 1 to 70 months (average 30 
months) after completion gastrectomy. They were 
questioned about their eating habits, weight, gas- 
trointestinal symptoms, and general health. 

Three patients (20%) complained of constant or 
frequent abdominal pain. Three others complained of 
mild discomfort after eating a large meal. One patient 
(7%) complained of constant nausea and vomiting 
and one (7%) complained of constant nausea with- 
out vomiting. Four patients reported rare episodes of 
nausea and vomiting. Four patients (27%) had fre- 
quent episodes of diarrhea. Only one patient (7%) 
complained of bloating and one complained of early 
satiety (7%) (Fig. 1). 

In terms of symptomatic improvement following 
completion gastrectomy, eight (53 %) reported signif- 
icant improvement, two (13%) reported moderate 
improvement, and four (27%) reported no improve- 

ment in their symptoms. One patient reported wors- 
ening of symptoms following the operation, mainly 
resulting from lack of appetite, abdominal pain, and 
continued weight loss. 

Regarding patients' diets and eating habits, four re- 
ported being able to eat normal-sized meals, eight re- 
ported eating half their normal amounts, two ate one 
fourth, and one ate one eighth their normal portions. 
On average, most ate four to five meals per day with a 
range of two to eight meals. One patient supple- 
mented his diet with nightly hyperalimentation be- 
cause of previous small bowel resection and short gut 
syndrome, and one patient supplemented her diet 
with Ensure. Five patients reported intolerance to 
milk, and two could not tolerate lettuce and sweets. 
Thirteen patients (87%) had a good appetite. Four 
patients complained of occasional and mild dumping 
syndrome, which was mostly related to specific foods 
and was easily relieved. 

In terms of objective findings, we calculated the av- 
erage changes in weight, BWI, albumin, total protein 
levels, and hematocrit following completion gastrec- 
tomy (Table III). There was an average weight loss of 

Table HI. Objective findings 

Parameter Average change following CG 

Weight 
Body weight index 
Albumin 
Total protein 
Hematocrit 

2 kg decrease (3%$*) 
0.5 kg/m 2 decrease (2%$*) 
0.4 gm/dl decrease (11% $*) 
0.3 grrddlincrease (4%1"*) 
1.5% decrease (4%$*) 

CG = Completion gastrectomy 
*Not significant by paired t test. 
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Fig. 1. Symptoms before and after completion gastrectomy. Note that abdominal pain and nausea were 
significantly reduced, but diarrhea increased. 
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2 kg, or 3 % decrease in body weight. There  was a 
mean decrease of 0.4 gm/dl (range 4.0 to 3.6 gm/dl) in 
the albumin level and an increase of 0.3 gm/dl (range 
6.5 to 6.8 gm/dl) in the total protein level. The hemat- 
ocrit level showed a mean decrease of 1.5% but de- 
spite this small decrease, 60% of our patients had or 
continue to have mild anemia even though they are 
being treated with vitamin B12 and oral iron supple- 
mentation. 

Five patients had a BWI of less than 20 kg/m 2 pre- 
operatively and four patients had this same BWI post- 
operatively (Fig. 2). Two of these patients, although 

4 0  

3 o  

o 0 

- 

0 Individual 
patients 

t' i I 
P r e o p e r a t i v e  P o s t o p e r a t i v e  

*N8 by paired t-test. 

F i g .  2. Changes in body weight index after completion gas- 
trectomy. For the majority of patients there was no change in 
body weight index. 

they still had a BWI of less than 20 kg/m 2, in fact had 
a small increase in BWI and a slight improvement in 
their nutritional status. There was only one patient 
with a significant postoperative decrease in BWI to 
less than 20 kg/m 2. 

The  percentage changes in objective parameters, 
including weight, BWI, albumin, total protein, and 
hematocrit, are shown in Fig. 3, and none of these 
changes were statistically significant by paired t test. 

D I S C U S S I O N  

Our patients who were eventually treated with 
completion gastrectomy and Roux-en-Y esophagoje- 
junostomy for nonmalignant gastric disease had un- 
dergone multiple prior gastric operations to relieve 
their symptoms. Completion gastrectomy was suc- 
cessful in two thirds of these patients. These results 
are consistent with those of Gustavsson et al. 6,7 f rom 
the Mayo Clinic. Also, Eckhanser et al. 8 reported sat- 
isfactory results in 86% of their 15 patients who un- 
derwent completion gastrectomy for postsurgical gas- 
troparesis syndrome. McCallum et al. 9 examined 
eight patients with long-term follow-up after com- 
pletion gastrectomy and found 70% to 90% im- 
provement and satisfaction with clinical results. In 
one study, two thirds of the patients with chronic gas- 
tric atony had improvement of their symptoms after 
subtotal and near-total Roux-en-Y gastrectomy. 1~ 
Other investigators have reported similar success rates 
with extensive or near-total Roux-en-Y gastrec- 
tomy. 11-14 
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Fig. 3. Changes in markers for malnutrition following completion gastreetomy. There were no signifi- 
cant changes. 
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Many authors recommend using medical therapy 
and prokinetic agents to treat patients with chronic 
gastric atony and Roux stasis syndrome, reserving sur- 
gical treatment for those patients in whom dietary re- 
strictions and medical management  prove unsuccess- 
ful. 15-19 In the majority of  our  patients, aggressive 
medical management  had failed and, in fact, so too 
had the more conservative surgical revisions. Our data 
and those of others support the use of completion gas- 
trectomy when lesser procedures have failed to relieve 
symptoms. 

There  are a number  of studies dealing with recon- 
st_ruction of a jejunal reservoir as a gastric substitute 
after subtotal or total gastrectomy. 2~ The  various 
forms of pouch reconstruct ion include the Hun t -  
Lawrence pouch, the Tanner Roux-19 pouch, the Tol- 
Icy pouch, and the Lygidakis reconstruction. Lygi- 
dakis 27 reported a series of 32 patients who underwent 
total gastrectomy for benign disease in whom a jejunal 
pouch was constructed with two jejunojejunostomies. 
In this study satisfactory results were achieved in 30 of 
the 32 patients. Others have reported their experience 
with a reservoir substitute for the stomach after total 
gastrectomy, yet there is still much  debate over 
whether the presence of a pouch is necessary after to- 
tal gastrectomy. In our patients we performed an end- 
to-side Roux-en-Y esophagojejunostomy for the pur- 
pose of simplicity and also because there are no spe- 
cific studies to indicate any benefit of pouch recon- 
struction after total gastrectomy for benign disease. 

In most articles reporting on outcome after com- 
pletion gastrectomy, long-term follow-up ranges from 
1 to 8 years (average of 30 months). In our study the 
mean follow-up was 30 months. 1-4,7 11 A lengthy fol- 
low-up period is important because many of the im- 
mediate postgastrectomy symptoms resolve over time 
and patients learn how to adjust their diets or relieve 
their minor symptoms. For example, many of the pa- 
tients in our study have become accustomed to eating 
three main meals per day with snacks in between. 
Some modify the size of their meals and are able to 
tolerate a regular diet with the exception of  milk and 
lettuce. Therefore long-term follow-up and frequent 
evaluations are crucial to patients who have under- 
gone completion gastrectomy. Braga et al. 28 agree that 
malnutrition following total gastrectomy can be pre- 
vented by adequate calorie intake, and strict nutri- 
tional follow-up is essential to ensure adequate food 
intake. In our study the mortality rate was 5% and 
morbidity was 24%. These results are consistent with 
those of other studies. 

Wi th  the exception of the two patients who re- 
quired esophagectomy and right colon interposition, 

the other 19 patients all underwent gastrectomy with- 
out an), gastric remnant  or cuff for the esophagojeju- 
nal anastomosis. Esophagojejunostomy can be ac- 
complished with a low incidence of  anastomotic leak- 
age. We encountered three cases of anastomotic leak- 
age (14%). Two of these were small contained leaks 
that were successfully treated by specifying that the 
patients be given nothing by mouth.  

In our study eight of the anastomoses were per- 
formed using an EEA stapler (U.S. Surgical Corp., 
Norwalk, Conn.) and the other 13 were performed in 
the usual hand-sewn manner, with one leak from the 
stapled and two from the hand-sewn anastomoses. 
There  were three postoperative anastomotic stric- 
tures; two occurred in hand-sewn and one in a stapled 
anastomosis. The  incidence of stricture and leakage 
in our study was somewhat higher than in previous 
reports. However, in this small group there was no 
obvious difference in the incidence of anastomotic 
leakage or stricture between hand-sewn and stapled 
anastomoses. 

All of our patients underwent a postoperative Gas- 
trografin swallow test to confirm the integrity of the 
anastomosis. Only one patient had evidence of a de- 
fect, which was treated with hyperalimentation and 
specifying nothing by mouth; repeat studies 1 week 
later showed no evidence of any anastomotic leakage. 
Despite normal Gastrografin studies, three of our pa- 
tients had clinically significant leaks and one, in fact, 
resulted in death. Therefore a normal Gastrografin 
study by no means guarantees a perfect anastomosis, 
and it obviously takes more than 1 week for the in- 
flammation and swelling of the tissue to resolve and 
an anastomotic defect to become clinically evident. 
Therefore, the addition of a small rim of stomach to 
render the anastomosis "leak proof" may, in fact, be 
quite important, as has been recommended by Mie- 
dema and Kelly. 14 

In the Roux-en-Y anastomosis, the Roux limb in 
all of our patients measured between 40 and 50 cm 
in length, and two were antecolic, eight were retro- 
colic, and 11 were not  reported. There  was no dif- 
ference in the outcome, although it is often easier to 
place the Roux limb retrocolic because it allows bet- 
ter closure. 

Although total gastrectomy is a radical procedure, 
it can be performed safely and will provide sympto- 
matic relief in selected patients. Nutritionally, these 
patients will remain stable if their food intake is ade- 
quate. There  are many ways to restore gastrointesti- 
nal continuity after total gastrectomy; however, the 
only critical factor seems to be diversion of bile 40 cm 
from the esophagojejunal anastomosis. 
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Intra-Abdominal Abscesses Following Laparoscopic 
and Open Appendectomies 
Peter S. Paik, M.D., Jeffrey A. Towson, B.A., Gary J. Anthone, M.D., Adrian E. Omega, M.D., 
Anthony J. Simons, M.D., Robert W. Beam, Jr, M.D. 

Recent findings in a small number of studies have suggested a trend toward increased infectious compli- 
cations following laparoscopic appendectomy. The purpose of the present review was to evaluate the in- 
cidence of postappendectomy intra-abdominal abscess formation following laparoscopic and open ap- 
pendectomies. Using the surgical database of the Los Angeles County-University of Southern Califor- 
nia Medical Center, we reviewed the records of all appendectomies performed at the center between 
March 1993 and September 1995. Incidental appendectomies as well as appendectomies in pediatric pa- 
tients under the age of 18 years were excluded. A total of 2497 appendectomies were identified; indica- 
tions for these procedures included acute appendicitis in 1422 cases (57%), gangrenous appendicitis in 
289 (12 %), and perforated appendicitis in 786 (31%). The intraoperative diagnosis made by the surgeon 
was used for classification. A two-tailed P value of <0.05 was considered significant. There was no sig- 
nificant difference in the rate of abscess formation between the groups undergoing open and laparoscopic 
appendectomies for acute and gangrenous appendicitis. In patients with perforated appendicitis, a total 
of 26 postappendectomy intra-abdominal abscesses occurred following 786 appendectomies for an over- 
all abscess formation rate of 3.3 %. Eighteen abscesses occurred following 683 open appendectomies 
(2.6%), six abscesses occurred following 67 laparoscopic appendectomies (9.0%), and the remaining two 
abscesses occurred following 36 converted cases (5.6%). For perforated appendicitis, however, there was 
a statistically significant increase in the rate of abscess formation following laparoscopic appendectomy 
compared to conventional open appendectomy (9.0% vs. 2.6%, P = 0.015). There was no significant dif- 
ference in the rate of abscess formation between open vs. converted cases or between laparoscopic vs. 
converted cases. A comparison of the length of the postoperative hospital stay showed no significant dif- 
ference between open and laparoscopic appendectomy for perforated appendicitis (6.1 days vs. 5.9 days). 
Laparoscopic appendectomy for perforated appendicitis is associated with a higher rate of postoperative 
intra-abdominal abscess formation without the benefit of a shortened hospital stay. Given these findings, 
laparoscopic appendectomy is not recommended in patients with perforated appendicitis. (J GASTRO1N- 
TEST SURG 1997;188-193.) 

Since its introduction by Semm I in 1982, laparo- 
scopic appendectomy has become a common proce- 
dure in the treatment of appendicitis. Many investi- 
gators have reported numerous advantages of the lap- 
aroscopic technique over the conventional open tech- 
nique. Most of these published reports, however, have 
provided little conclusive data on the complications 
of  appendicitis, 2-5 

Recendy, a small number of studies have been con- 
ducted to define the efficacy of  laparoscopic appen- 
dectomy in the treatment of perforated appendicitis. 

Data from these studies have suggested a trend to- 
ward increased infectious complications following 
the laparoscopic procedure for perforated appendici- 
tis compared to the traditional open procedure. 
However, most of these studies have dealt with a rel- 
atively small number of  cases. 6-8 Our  current study 
retrospectively examines a total of  2497 appendec- 
tomies performed at the Los Angeles County-Uni-  
versity of  Southern California (LAC-USC) Medical 
Center. The  purpose of  this study was to evaluate the 
incidence of  intra-abdominal abscess formation fol- 
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lowing laparoscopic and conventional open appen- 
dectomies. 

M A T E R I A L  A N D  M E T H O D S  

The computerized database of the LAC-USC hos- 
pital was searched for all patients who had undergone 
appendectomies over the 3 H-year study period, which 
lasted from March I992 to September I995. Inciden- 
tal appendectomies as well as appendectomies in pe- 
diatric patients under the age of 18 years were ex- 
cluded from this study. Current procedural codes and 
international current diagnosis codes were used for 
the database search. The  intraoperative diagnosis 
made by the surgeon was used for classification. Post- 
operative hospital stay was calculated using the dates 
of operation and discharge. Information regarding 
sex, race, and age at the time of surgery was also ob- 
tained. The charts of all patients who developed in- 
tra-abdominal abscesses were reviewed. C T  reports 
from those patients were also reviewed to confirm the 
diagnosis and to classify the location of the abscesses. 

Laparoscopic appendectomies were performed us- 
ing three trocars. A pneumoperitoneum was estab- 
lished after placement of a 10 mm trocar in the in- 
fraumbilical position by means of the Hasson tech- 
nique. The  abdomen was then explored using a 10 
mm 30-degree laparoscope. After the diagnosis was 
confirmed, an additional 10 mm trocar was placed in 
the right upper quadrant. The appendix was then mo- 
bilized and grasped with endoscopic Babcock-type 
forceps. The  mesoappendix was then either serially 
dipped or divided using an endoscopic linear stapler 
that was placed via a trocar in the left lower quadrant. 
The  base of the appendix was either double ligated 
with pretied ligatures or, more commonly, divided 
with an endoscopic linear stapler. The appendix was 
then either removed through a trocar or placed in a 
bag and removed through the wound. After removal 
of the appendix, the staple line was visually inspected. 
The pelvis and the right lower quadrant were then ir- 
rigated and suctioned dry. Drains were not commonly 
used. Antibiotic treatment of acute appendicitis con- 

sisted of a single broad-spectrum cephalosporin, usu- 
ally cefoxitin, which was continued for 24 hours. An- 
tibiotic therapy for perforated appendicitis generally 
consisted of a combination of aztreonam and metro- 
nidazole. Antibiotics were normally continued for 5 
days and were discontinued if the patient had been 
afebrile for at least 48 hours. 

Statistical analysis was carried out by means of 
Fisher's exact test using an SAS program by the bio- 
statistics division of the University of Southern Cali- 
fornia. Two-tailed P values <0.05 were considered sig- 
nificant. 

R E S U L T S  

A total of 2497 appendectomies were performed 
over the 3~-year study period with an average of two 
operations per day. Fifty-seven percent (n -- 1422) of 
the procedures were performed for acute appendicitis, 
12% (n = 289) for gangrenous appendicitis, and the 
remaining 31% (n = 786) for perforated appendicitis. 
Of the 2497 appendectomies, 81% (n -- 2034) were 
performed using the conventional open technique and 
17% (n = 413) were completed laparoscopically. In 
2% (n = 50) of the cases, technical difficulties necessi- 
tated conversion from laparoscopic to open appen- 
dectomy. 

Of the open appendectomies (n = 2034), 55% were 
for acute appendicitis, 11% were for gangrenous ap- 
pendicitis, and the remaining 34% were for perfo- 
rated appendicitis. Of  the laparoscopic appendec- 
tomies (n = 413), 69% were for acute appendicitis, 
15% were for gangrenous appendicitis, and the re- 
maining 16% were for perforated appendicitis. 
Thirty-four percent of all open appendectomies vs. 
only 16% of all laparoscopic appendectomies were for 
perforated appendicitis. The age distributions of pa- 
tients in the open appendectomy and the laparoscopic 
appendectomy groups were almost identical (Table I). 

Among patients with acute appendicitis, a total of 
six abscesses occurred following 1422 appendectomies 
yielding an overaU abscess formation rate of 0.4%. 
Three abscesses occurred following open appendec- 

Table I. Age distributions for various procedures 

Procedure 18-20 

age~)  
21-30 31-40 41-50 51-60 >60 

Open (%) 10 
Laparoscopic (%) 12 
Laparoscopic-open (%) 6 

50 25 9 4 2 
50 25 10 3 1 
42 26 12 8 6 
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Table II. Abscess formation following appendectomy 

No. of patients No. of abscesses P value 

Acute appendicitis 1422 
Laparoscopic 285 
Laparoscopic-open 10 
Open 1127 

Gangrenous appendicitis 289 
Laparoscopic 61 
Laparoscopic-open 4 
Open 224 

Perforated appendicitis 786 
Laparoscopic 67 
Laparoscopic-open 36 
Open 683 

3 (1.1%) 
0 
3 (0.3%) 

1 (1.6%) 
0 
1 (0.5%) 

6 (9.0%) 
2 (5.6%) 

18 (2.6%) 

0.1 (NS) 

0.4 (NS) 

0.015 

NS = not significant. 

Table HI. Intra-abdominal abscess location 

Area No. 

Right upper quadrant 1 
Left upper quadrant 0 
Midabdomen 3 
Right lower quadrant 29 
Left lower quadrant 3 
Pelvis 11 

tomy and the other three occurred following laparo- 
scopic appendectomy. There was no significant dif- 
ference in the rate of abscess formation between the 
groups undergoing open vs. laparoscopic appendec- 
tomy for acute appendicitis. In patients with gan- 
grenous appendicitis, two abscesses occurred follow- 
ing appendectomy in 289 cases for an overall abscess 
formation rate of 0.7 %. One abscess occurred follow- 
ing open appendectomy and the other abscess follow- 
ing laparoscopic appendectomy. Again, for gan- 
grenous appendicitis, there was no significant differ- 
ence in the abscess formation rate between the open 
and laparoscopic procedures. 

Among patients with perforated appendicitis, a to- 
tal of 26 intra-abdominal abscesses occurred follow- 
ing appendectomy in 786 cases for an overall abscess 
formation rate of 3.3 %. Eighteen abscesses occurred 
following conventional open appendectomy, six ab- 
scesses occurred following laparoscopic appendec- 
tomy, and the remaining two abscesses occurred fol- 
lowing conversion from laparoscopic to open ap- 
pendectomy. In the group with perforated appen- 
dicitis, however, there was a statistically significant 

increase in the rate of intra-abdominaI abscess for- 
mation following laparoscopic appendectomy com- 
pared to open appendectomy (9.0% vs. 2.6%, 
P = 0.015) (Table II). 

Concerning the location of the intra-abdominal 
abscesses, 29 abscesses were found in the right lower 
quadrant, 11 were found in the peMc area, and three 
were found in the midabdominal area; another three 
abscesses were found in the left lower quadrant. Only 
one abscess was found in the right upper quadrant and 
no abscesses were found in the left upper quadrant 
(Table III). 

A comparison of average hospital stays showed no 
significant difference between conventional open and 
laparoscopic appendectomy for perforated appendici- 
tis (6.1 days vs. 5.9 days) or for gangrenous appen- 
dicitis (4.5 days vs. 4.6 days). For acute appendicitis, 
however, there was a significant difference in the av- 
erage hospital stay between open and laparoscopic 
procedures (3.1 days vs. 2.2 days, P = 0.0001) (Table 
IV). There was no difference in the rate of abscess 
formation between males and females among patients 
with perforated (3.3% vs. 3.3%) or acute and gan- 
grenous appendicitis as a group (0.5% vs. 0.4%). 

D I S C U S S I O N  

Since the introduction of laparoscopic appendec- 
tomy, numerous advantages of this technique have 
been reported. These include a shorter hospital stay, 
earlier return to normal activity, less pain, and im- 
proved cosmesis. However, as more experience has 
been gained, there has been increasing concern re- 
garding the efficacy of this new procedure in cases of 
complicated appendicitis, especially perforated ap- 
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Table IV. Length of hospital stay (days) 

Appendicitis Open  

Procedure 

Laparoscopic-open Laparoscopic P value 

Acute 3.1 _+ 3.0 3.2 _+ 2.1 2.2 _+ 2.0 
G a n g r e n o u s  4.5 + 2.2 4.3 _+ 1.8 4.6 + 3.2 
Perfora ted  6.1 + 3.9 6.0 + 2.3 5.9 +_ 2.7 

<0.0001 
N S  
N S  

All values are mean _+ standard deviation; NS = not significant, 

pendicitis. A trend toward more postoperative infec- 
tious complications has been noted in a few studies, 
but the small number of cases failed to provide ade- 
quate capability to detect statistically significant dif- 
ferences. Our current study included a total of 2497 
appendectomies, the largest study population assem- 
bled to date to report on this subject. 

Postoperative intra-abdominal abscess formation 
following appendectomy is a serious disease state. In- 
traperitoneal abscess with consequent sepsis is re- 
sponsible for almost all reported deaths following ap- 
pendectomy. For this reason postoperative intraab- 
dominal abscess formation seems to be a good indi- 
cator of the likelihood of postappendectomy compli- 
cations. 

For acute or gangrenous appendicitis, our study 
found no difference in the rate ofintra-abdominal ab- 
scess formation between patients undergoing conven- 
tional open vs. laparoscopic procedures. In addition, 
the length of hospital stay was significantly decreased 
in patients with acute appendicitis following laparo- 
scopic appendectomy as compared to open appendec- 
tomy. The laparoscopic technique appears to be safe 
and effective for use in cases of acute and gangrenous 
appendicitis. These findings are consistent with those 
of previous reports. Many reports have also suggested 
that laparoscopy allows surgeons to thoroughly eval- 
uate not only the appendix but also the entire ab- 
domen. Therefore laparoscopy seems to be a useful 
diagnostic tool for patients with equivocal findings, 
especially women and those in whom the diagnosis of 
appendicitis is questionable. Some investigators have 
even suggested that peritoneal lavage may be much 
more complete and effective when the laparoscopic 
procedure is used. 

In this study, however, laparoscopic appendectomy 
for perforated appendicitis was associated with a 
higher rate of intra-abdominal abscess formation 
compared to the conventional open procedure (9.0% 
vs. 2.6%, P = 0.015). Subset analysis of patients with 
perforated appendicitis in previous studies suggested a 
similar finding, that is, an increased tendency toward 

more infectious complications following laparoscopic 
appendectomy. However, the reason for the increased 
rate of intra-abdominal abscess formation following 
laparoscopic appendectomy for perforated appendici- 
tis is not clear. Some researchers have suggested that 
the pneumoperitoneum may possibly prompt conver- 
sion of a local abscess or inflammatory reaction to a 
diffuse abdominal process by inadvertently seeding 
the entire abdomen. Others have suggested that per- 
haps the carbon dioxide used for peritoneal insuffla- 
tion promotes anaerobic bacterial growth following 
the laparoscopic approach. However, there are no 
published data to support these speculations. In addi- 
tion, the fact that most intra-abdominal abscesses 
were found in the right lower quadrant and pelvic 
area does not support the mechanism of possible dif- 
fusion. More studies must be conducted to clarify this 
matter. 

In addition to its association with a higher rate of 
intra-abdominal abscess formation, laparoscopic ap- 
pendectomy for treatment of perforated appendicitis 
did not provide the benefit of a shortened hospital 
stay compared to conventional open appendectomy 
(5.9 vs. 6.1 days). Oftentimes patients with intra-ab- 
dominal abscesses will require additional procedures 
and prolonged intravenous antibiotic treatment. The 
increased rate of abscess formation without the bene- 
fit of a shorter hospital stay negates the primary ben- 
efits of the laparoscopic procedure in cases of perfo- 
rated appendicitis. 

C O N C L U S I O N  

Our study shows no significant difference in the 
rate of postoperative intra-abdominal abscess forma- 
tion between laparoscopic and open appendectomies 
in cases of acute or gangrenous appendicitis. For per- 
forated appendicitis, however, there is a statistically 
significant difference in the rate of postoperative in- 
tra-abdominal abscess formation between laparo- 
scopic appendectomy and conventional open appen- 
dectomy. Laparoscopic appendectomy for perforated 
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appendicitis is associated with a higher  rate of  post-  
operative intra-abdominal  abscess formation wi thout  
the benefit  o f  a shortened hospital stay as compared to 
open  appendec tomy.  Given  these findings, laparo-  
scopic appendectomy is no t  recommended  in patients 
with perforated appendicitis. 
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Discussion 
Dr. L. Way (San Francisco, Calif.). Why do you suppose 

the incidence of abscess formation is greater in those with 
perforated appendicitis when they are treated laparoscopi- 
cally as compared to open appendectomy? What are you 
doing in the open cases that you are not doing in the lap- 
aroscopic ones? Can you change the laparoscopic technique 
and improve the results? 

Dr. G.J. Antbone. That  is the question we would all 
like to answer. Allow me to speculate. In treating a fairly 
large number of cases of perforated appendicitis laparo- 
scopically, I just want to stick my band down into that right 
lower quadrant and break up those inflammatory adhesions 
and most likely drain that area of infection. I do not think 
that can be done laparoscopically. Another reason for ab- 
scess formation might be that the entire appendix is not 
removed at the time of a laparoscopic appendectomy. I 
think that in cases of perforated appendicitis, the actual 
base of that appendix is difficult to identify. We have actu- 
ally had some patients referred for reoperation in whom 
this has occurred. 

Dr. N. Soper (St. Louis, Mo.). Do you therefore recom- 
mend that an imaging study be performed preoperatively 
to identify those patients who have a ruptured appendix and 
thus avoid a laparoscopic approach? Do you recommend, 
if the appendix is found to be perforated at the time of lap- 
aroscopic exploration, immediate conversion to an open 
operation? I have intuitively thought that in cases of perfo- 
ration one could actually perform a more satisfactory and 
complete irrigation of the field laparoscopically than with 
an open approach. I wonder what maneuvers you perform 
intraoperatively to prevent these postoperative problems. 

1~. Antbone. I believe irrigation is of very little benefit, 
although it can be easily accomplished via the laparoscopic 
technique. 

We would like to determine which patients would not 
benefit from a laparoscopic appendectomy. We would like 
to say a patient with a temperature of 101.5 ~ F and a white 
blood cell count greater than 20,000/mm 3, but in order to 
carry out those studies we would need to include approxi- 

mately 300 patients in the laparoscopic perforated group, 
and I do not think we will ever reach that goal. Currently, if 
a patient has had symptoms for more than 48 hours, has dif- 
fuse peritonitis, or has a palpable mass in the right lower 
quadrant, we will not begin the operation laparoscopically. 

Dr. E C. Brunicardi (Houston, Tex.). Do you use an 
Endo loop or Endo GIA stapler to remove the appendix? 
Have you actually analyzed your data to determine whether 
you can predict which patients have suffered a perforation 
and which ones have not, and therefore avoid the laparo- 
scopic appendectomy. 

Dr. dntbone. To accumulate sufficient data for analysis 
to determine which patients would not benefit, or which 
patients have suffered a perforation, we would have to in- 
clude approximately 300 patients in the laparoscopic per- 
forated group. We have 67, which is far and away the 
largest of any series published to date. Knowing what 
we know now, I do not think we will ever reach that 300 
mark. So I do not think we will be able to answer that ques- 
tion. 

Our technique is now fairly standard. We use a Hasson 
technique to enter the abdomen, we next place a 5 or 10 
mm trocar in the right upper quadrant to grasp the appen- 
dix, and a 10 or 12 mm trocar is then inserted in the left 
lower quadrant for placement of the Endo GIA stapler. We 
have abandoned the use of Endo loops. We were part of a 
prospective randomized study early on in 1992, and since 
the conclusion of that study we have stopped using Endo 
loops. 

Dr. & Melvin (Columbus, Ohio). Based on six postop- 
erative infections, you have made fairly broad recommen- 
dations that laparoscopy should not be used in cases of per- 
forated appendicitis. Did those six infections occur early on 
or were they noted later in your series? I would agree with 
your comments that it is considered a technical failure not 
to break up a loculated abscess, or certainly to leave part of 
the appendix, and that should be an indication for conver- 
sion to an open procedure. Additionally, have you adopted 
any techniques such as early containment of the appendix in 
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a plastic bag or other extraction device to avoid "dragging" 
the infected appendix throughout the abdominal cavity? 

Dr. Antbone. The  same number of abscesses developed 
later on in the study as occurred during the early period. 
We even broke the study period up into 6-month blocks 
when each group of new residents arrives, and we found no 
differences. 

Regarding removal of the appendix, it was always re- 
moved either inside the trocar or in a sterile bag. 

Dr. J. Hunter (Adanta, Ga.). In the case of a free perfo- 
ration without loculations, if the area is thoroughly irri- 
gated after the appendix is removed, that is probably suffi- 
cient. But I think the patients you are referring to are those 
with more advanced delayed presentations with dangerous 

abscesses, which I think all of us would agree should be 
converted to an open procedure. 

Dr. Antbone. Our threshold for conversion to an open 
procedure in that type of a case is very low. Once we look 
down into the right lower quadrant and see that the appen- 
dix cannot be grasped or there is a large phlegmon, the pa- 
tient is opened. 

Dr. E Qu/jano (Mexico City, Mexico). Did you compare 
the hospital costs for laparoscopic vs. open appendectomy? 

D~. Antbone. In this particular study we did not. In the 
study Dr. Hunter referred to, there was more cost involved 
in the laparoscopic group. We had a 35% conversion rate 
for perforated appendicitis, which has got to be expensive, 
and I do not think the cost is worth it. 



Ectopic Expression of reg Protein: A Marker of 
Colorectal Mucosa at Risk for Neoplasia 

Michael E. Zenilman, M.D., Sun Ka'm, M.D., Barry A. Levine, M.D., Cynthia Lee, M.D., 
Jacob J. Steinberg, M.D. 

Pancreatic regenerating gene (reg 1) messenger RNA is overexpressed within the pancreas following in- 
jury and resection. Its level of expression corresponds to the level of cellular dedifferentiation. Human reg 
I has been localized to chromosome 2p12, and ectopic expression of its mRNA has been found within 
colorectal tumors. We postulated that colorectal production of reg I might either be a marker for the 
presence of cancer or define mucosa at risk for development of neoplasia. Using a monoclonal antibody 
to reg 1, regenerating gene protein was histochemically mapped in 56 cases of documented colorectal 
adenocarcinoma. In sections of colon from normal control subjects no reg I protein was noted, whereas 
58.9% of the specimens from cancer patients stained positive for regL Although a correlation was noted 
between reg I staining and Dukes' stage, there was no correlation with histologic grade or 5-year patient 
survival. In 39 of 55 cancer specimens the transition zone (interface) between the neoplasm and normal 
mucosa was visualized; 100% of the transition zones contained cells that stained strongly positive for reg 
L We conclude that reg ! protein is ectopically expressed in colorectal mucosa at the transition zone of co- 
lorectal cancer, and occasionally within the tumor itself. Although ectopic reg I expression in colorectal 
epithelia is not a marker for the presence of carcinoma, it may be a sensitive marker for mucosa at risk for 
development ofneoplasia. (J GASTROINTEST SURG 1997;194-202.) 

The  pancreatic regenerating gene (reg I) and its 
protein product  are expressed within the exocrine 
cells of  the pancreas) ,2 reg I is part of a family of  at 
least three proteins, all of which have structural ho- 
mology to calcium-dependent lectins. 2 The  messen- 
ger RNA sequence of rat reglwas originally described 
by Terazono et al. 1 The genomic sequence is found in 
humans as well, 3 and the deduced amino acid se- 
quence is identical to that of  pancreatic stone protein 
and pancreatic thread protein. 2 reg I mRNA is over- 
expressed within pancreatic cells following pancreati- 
tis or resection, and its protein product is believed to 
be involved in the regeneration of islets from ductular 
precursor cells. 1,2 

Human reg I protein is composed of  166 amino 
acids and ranges from 13 to 18 kd in size, depending 
on the level of  glycosylation. 4 The  reg I gene exists as 
a single copy gene that spans approximately 3.0 kilo- 
base pairs and is composed of  six exons and five in- 

trons. Its TATA box and CCAAT boxlike sequences 
are located at 27 and 100 base pairs upstream from 
the transcriptional initiation site. 3 We have recently 
mapped human reg I to chromosome 2p12.5 

Factors that control production of  this acinar cell 
product are, to date, unknown. It is constituitively ex- 
pressed in pancreatic acinar cells and much less so in 
gastric mucosa and renal parenchyma. 3 Inasmuch as 
it was induced in regenerating pancreatic tissue fol- 
lowing resection or pancreatitis, Rouquier et al. 6 pro- 
posed that reg I is induced within pancreatic cells dur- 
ing the dedifferentiated state. We recently demon- 
strated that in the cell line AR42J, levels of  reg I 
mRNA and protein inversely correlate with the level 
of  cellular differentiation. 7 Watanabe et al. 3 found 
ectopically expressed reg I mRNA in some colorectal 
tumors, which suggested that reg I gene expression 
was related to tumorigenesis. 

Since reg I expression appears to be linked to the 
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development of colorectal tumors, a qualitative study 
to localize ectopic production of pancreatic reg I pro- 
tein in colorectal tumors was undertaken. Using a 
monoclonal antibody to human reg I, immunohisto- 
chemical analysis of colorectal tumors was performed. 
The reactivity of the tissues with antihuman reg I an- 
tibody was visualized and the pattern was evaluated. 

MATERIAL AND M E T H O D S  

Fifty-six cases of colonic adenocarcinoma were se- 
lected from the tumor registry of Montefiore Hospi- 
tal. The patients were diagnosed with this cancer be- 
tween 1988 and 1990 and were followed for 5 years 
after the diagnosis. The group included 26 men and 
30 women. The mean age was 77 years. The site of 
the cancer was the right colon in 26 cases (48%), the 
transverse colon in three (6%), the descending colon 
in five (9%), and the rectosigmoid colon in 20 (37%). 
All patients underwent surgical resection, and based 
on the final pathology report the caner was classified 
as Dukes' stage Ain 14.8%, stage B in 38.8%, stage C 
in 27.7%, and stage D in 18.5%. At the end of 5 years, 
43 % of the patients were still alive. 

Sections of normal colon were obtained from three 
patients undergoing resection for benign disease, and 
specimens of pancreata were obtained from six addi- 
tional patients undergoing resection for chronic pan- 
creatitis. These samples were fixed and embedded in 
paraffin and served as negative and positive controls, 
respectively. 

The formalin-fixed, paraffin-embedded blocks 
were sliced into sections 5 ~m thick using a micro- 
tome. Tissue section slides were dewaxed in iodine/ 
xylene solution and rehydrated through graded alco- 
hol series and water. After rinsing the slides in dis- 
tilled water, the endogenous peroxidase activity was 
quenched by incubating them in 0.3% H202/ 
methanol for 30 minutes at 75 ~ C. After a 5-minute 
equilibration period in phosphate-buffered saline so- 
lution (PBS) (pH 7.4), the sections were treated with 
pepsin (0.01%, Sigma Chemical, St. Louis, Mo.) and 
incubated at room temperature for 30 minutes. They 
were then treated for 20 minutes with normal block- 
ing serum (ABC kit, Vector Laboratories, Inc., 
Burlingame, Calif.). Overnight incubation at room 
temperature was followed by the addition of mono- 
clonal antibody D4 (raised to human pancreatic stone 
protein) (]mmunotech, Inc., Westbrook, Maine) s at a 
1:4000 dilution. After rinsing with PBS, slides were 
incubated with biotinylated antimouse immunoglob- 
ulin G and (Vectastain Elite ABC reagent, Vector 
Laboratories, Inc.) for 30 minutes. The sites of bound 
antibody were visualized by incubation in 3,3'-di- 

aminobenzidine tetrahydrochloride-H202 substrate 
solution. The sections were then rinsed in deionized 
water, counterstained with hematoxylin, dehydrated, 
and mounted. 

Molecular Analysis of Colon Tissue 

Total cellular protein and RNA were isolated from 
samples ofmucosa at the normal-to-cancer transition 
zone from two patients by means of the TRI-Reagent 
technique (Molecular Research Corp., Cincinnati, 
Ohio); 10 ug of protein was subjected to Western blot 
analysis using monoclonal antibody D4, and 10 ug of 
RNA was subjected to Northern blot analysis using 
the antisense probe to rat reg I as previously de- 
scribed? 

Statistical Analysis 

Data were entered in tabular form into a computer 
database for analysis (Statistica, Statsoft, Tulsa, Okla.) 
and subjected to nonparametric analysis. A P value 
<0.05 was considered significant. 

RESULTS 

The control sections (from the six pancreatectomy 
and the three colectomy patients) stained positive and 
negative for the antibody, respectively (Fig. 1). 

Histologically, the 56 tissue sections analyzed ex- 
hibited three types of tissue: (1) colonic tissue bor- 
dering the malignancy, which included normal and 
cancerous tissue; (2) malignancy only, with no identi- 
fiable normal colonic mucosa; and (3) adenomatous 
polyps containing varying loci of malignancy. 

Immunohis tochemis t ry  

Normal Colon-to-Colon Cancer Interface. Thirty- 
nine of the 56 sections contained normal colonic mu- 
cosa bordering malignancies of varying histologic 
grades and stages of invasion. In all 39 sections, a pos- 
itive reaction with the reg I antibody was seen in the 
colonic epithelium adjacent to neoplastic tissue, man- 
ifested as diffuse dark granules within the cytoplasm 
of the crypt cells (both goblet and epithelial cells) 
(Fig. 2, A and B). reg I density was semiquantified by 
estimating the number of positive cells. Greatest reg I 
positivity was typically noted in crypts located within 
I mm of the adjacent malignancy. Histologically this 
region correlated with the junction between the nor- 
mal epithelium and the malignancy. This epithelium 
was nonneoplastic and marked occasionally by hyper- 
trophied, branched glands. With increasing distance 
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Fig. 1. Control specimens of pancreas (A) and colon (13) stained with monoclonal antibody to reg L The 
pancreas is from a patient who underwent pancreatectomy for chronic pancreatitis. All of the acinar cells 
stained positive, whereas no islets stained (not shown). Positive cells contain dark granules within the cy- 
toplasm. No cells in the colonic mucosa from a normal colon resected for diverticulitis stained positive for 
reg I (X 40). 

A 

C 

a 

Fig. 2. A and B, Specimens from two different patients with depiction of the normal colon-to-colon 
cancer interface. In both A and B the normal-appearing mucosa at the interface with the cancer stained 
positive for reg I, and staining was concentrated within the crypts ( x 200). The tumor in A (lower right 
portion of the panel) was not positive for reg I, whereas the tumor in B (right half of the photomicro- 
graph) was positive for reg I. C, High-power view of a single positive cell (arrow) at the base of an other- 
wise normal crypt 1 cm from the interface of the tumor seen inA. 
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away from the tumor  border in the direction of the 
normal epithelium, the positivity decreased markedly. 
However, minute (or isolated) yet detectable positiv- 
ity was seen as far as 1 cm away from the malignancy, 
in crypts manifesting no other histologic abnormality 
(Fig. 2, 6-). 

The  location of reg I protein within the crypts also 
varied with the crypt's distance from the malignancy. 
In normal  crypts located far from the malignancy, 
reg I protein was observed in a few cells at the base of 
the crypts. Closer to the malignancy more cells re- 
acted with the antibody, and positivity was seen to 
move upward from the bot tom toward the neck of the 
crypt. At the point  of greatest positivity, within 1 m m  
from the malignancy, the entire crypt usually stained. 

In 22 of the 39 sections previously described, the 
border ing malignancies also reacted with the anti- 
reg I antibody. T h e  positivity appeared as dark cyto- 
plasmic granules within the cells of  the mal ignant  
glands. T h e  degree of positivity seemed to correlate 
with the degree of  differentiation of the malignancy; 
the more  well-differentiated glands stained more  
densely for reg 1 (see below). 

Colon Cancer Alone. Nine of the sections studied 
contained only tumor. The  pattern of reg/-positive 
reaction was similar to that seen in the malignancies 
described in the preceding section--that  is, the well- 
differentiated glands reacted with the antibody (n = 3) 
whereas the more poorly differentiated glands did not 
(n = 6). Of  the 48 flank cancers studied (in this and 
the preceding section), 25 (52.1%) stained positive for 
reg L 

Malignant Polyps. Eight specimens were of ade- 
nomatous polyps (obtained from polypectomy) har- 
boring malignancies ranging from a focal point of car- 

cinoma to a point where the adenoma was extensively 
replaced by cancerous cells. Five villous and three 
tubulovillous adenomas constituted this group, reg I 
positivity was seen in all eight adenomas, which were 
localized to a few adenomatous glands in close prox- 
imity to the carcinomatous foci (Fig. 3). All eight 
polyps contained well-differentiated malignancies and 
these malignant glands were all positive for reg I in 
varying degrees. Localization of reg I protein in the 
normal mucosa adjacent to the polyps was difficult to 
evaluate because of its unavailability in polypectomy 
specimens. 

M o l e c u l a r  A n a l y s i s  

Western blot  analysis of protein extracted from 
transition zones of two patients revealed a band at 14 
to 18 kd, consistent with human reg I (Fig. 4). North-  
ern blot analysis revealed a single band at 0.9 kitobase 
identical to the region where reg I is found (data not  
shown). The  intensity of the band was less than one 
tenth  that  of pancreatic tissue (similar to that  de- 
scribed by Watanabe et al)). The  surrounding normal 
tissue had no such reactivity. 

Stat is t ical  A n a l y s i s  

As mentioned previously, 100% of  the transition 
.zones between cancer and normal mucosa were posi- 
tive for reg I. Of  all the cancerous tissue studied, 33 
specimens (58.9%) stained positive for reg I. No cor- 
relation between positivity and location of tumor  in 
the colon was noted. Specifically, half of the 26 right 
colon tumors were positive for reg I, as was one of the 
three transverse colon tumors. Thir teen of the 20 rec- 

.... . , ; , i ~ : 
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Fig. 3. Photomicrograph of an adenomatous polyp. Adenomatous glands within the polyp stained pos- 
itive for ~'eg I, as didthe Careinorha atiging from within the polyp (middle-lower portion of the photo- 
micrograph). 
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18 Kd 

14Kd 

reg I A B 
Fig. 4, Western blot analysis of protein isolated from the transmon zones from two colorectal tumors 
(A and B) using reg lmonoclonal antibody. The control specimen is human reg I isolated from human 
pancreas as described in previous reports. TM The variable size ofreg I is likely due to differences in gly- 
cosylation. Protein isolated from mucosa 5 cm from the lesion was negative for reg I (not shown). 

tosigmoid tumors and all of the five descending colon 
tumors were positive, indicating a slight predilection 
for tumors of the left side to express the protein. 

When we compared reg I expression within the 
cancer and histologic differentiation of the tumor, no 
significant correlation was noted (P = 0.12, Spear- 
man's rank correlation coefficient). Of  the reg/-pos- 
itive tumors, 16 were well differentiated, 11 were 
moderatedly differentiated, and five were poorly dif- 
ferentiated. Of  the reg/-negative tumors, the distrib- 
ution was 6, 11, and 5, respectively. This tended to- 
ward statistical significance when the tumors were 
grouped according to whether they were well differ- 
entiated vs. moderately to poorly differentiated (P = 
0.08 Fisher's exact test). Specifically, 16 well-differen- 
tiated and 16 moderately to poorly differentiated tu- 
mors were reg I positive, whereas 6 wall-differentiated 
and 16 moderately to poorly differentiated tumors 
were reg I negative. 

A significant correlation was noted between Dukes' 
classification and tumor expression of reg I (P = 0.01, 
Spearman's rank correlation coefficient). This is likely 
due to the fact that all eight Dukes' A tumors were 
positive for regI, whereas 9 of 21 Dukes' B, 6 of 12 
Dukes' C, and 8 of 12 Dukes' D tumors were posi- 
tive. When we grouped tumors into Dukes' A vs. 
Dukes' B-D tumors and compared reg I gene expres- 
sion in these tumors, a significant correlation was 
noted. Specifically, the ratio of Dukes' A/Dukes' B-D 
tumors was 8 of 23 for the reg/-positive tumors vs. 0 
of 22 reg/-negative tumors (P = 0.008, Fisher's exact 
test). 

No statistical correlation was noted between the 
presence ofreg I and 5-year survival. 

D I S C U S S I O N  

The pancreatic regenerating gene family has been 
identified as pancreatic acinar cell products in hu- 
mans, rats, and mice/3,10 The sequence of the three 
protein products of the reg family predicts them to be 
calcium-dependent lectins 2 but their function is un- 
known. The  amino acid sequence of human reg I has 
been shown to be identical to that of pancreatic stone 
protein (PSP, lithostatine), which is found in the 
stones of patients with chronic calcific pancreati- 
t iS, I1'12 and pancreatic thread protein, 13,14 a secretory 
protein that polymerizes in vitro under specific con- 
ditions. The amino acid sequence of reg III is identi- 
cal to pancreatitis-associated protein (PAP), which is a 
protein induced and released into the serum during 
acute pancreatitis, '5-17 and HIP, a protein expressed 
within hepatocellular carcinomas (named for its ex- 
pression in bepatoma, small intestine, and pancreas)) s 
The  nature of reg II is currently unknown. The genes 
of human reg I and reg III have both been localized to 
chromosome 2 p 12.5.19 

reg I mRNA is normally expressed in pancreatic 
acinar tissue but not in ductular cells or in mature 
islets. 1 It is induced during islet regeneration follow- 
ing pancreatectomy and during islet hyperplasia.%20 
reg I protein is mitogenic to pancreatic ductular and 
13-cells but not acinar cells or islets. 21,22 These studies 
suggest that reg I may be involved in the general 
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maintenance of islet integrity by promoting cellular 
proliferation. 

Factors that control production of reg I product are 
unknown. Rouqnier et al. 6 noted that rat reg I is in- 
duced early following pancreatic injury and suggested 
that  it was impor tant  during the dedifferentiation 
leading to pancreatic recovery. We recently found that 
the cellular level of reg I gene expression is a specific 
marker of the state of acinar cell differentiation. 7 In- 
terestingly, Watanabe et al. 3 demonstrated, by means 
of Nor thern  blot analysis, that although human reg I 
m R N A  is not typically expressed in the normal colon 
or rectum, it is occasionally expressed in colorectal 
cancers. Ectopic reg I m R N A  expression in the gas- 
trointestinal tract suggests that  it may be a marker 
of other gastrointestinal epithelial cell differentiation 
or may even be involved in gastrointestinal tumori-  
genesis. 

The  present study was undertaken to localize the 
product ion of  reg 1 protein in colonic neoplasia, 
specifically to determine if, as predicted above, it is 
uniquely expressed in colon cancer cells. We used a 
monoclonal antibody to reg I that has been well char- 
acterized s and has been used in our laboratory. 2! In 
our hands, control sections of normal colon did not  
react with reg I antibody, whereas sections of normal 
pancreas showed reg I protein in acinar cells. 

Within the sections of colon cancer we observed 
variable expression of  reg I protein; 58.9% of  all the 
cancers expressed reg L Sections in which the inter- 
face (or transition zone) of normal  colonic mucosa 
with that of neoplasia was observed all stained posi- 
tive for reg I, as did all of the polyps containing carci- 
noma. The  cancerous tissue in all of the polyps simi- 
larly stained positive for reg I. Molecular analysis of  
the transition zones from two freshly isolated colon 
cancers confirmed the presence of both reg I m R N A  
and protein, by Nor thern  and Western blot analysis, 
respectively. This  was not  observed in adjacent nor- 
mal colon, reg I positivity did not  correlate with his- 
tologic grade or 5-year survival, but all Dukes' A tu- 
mors were positive for reg I. 

The  pattern of reg I positivity thus demonstrated 
ectopic expression of the protein in association with 
neoplasia of the colon, suggesting that reg I could be 
a protein with a role in early tumorigenesis. Glands 
located at a distance from the tumor  in these patients 
were also observed to occasionally express the protein. 
At its farthest distance away from the tumor, the reg I 
expression was limited to one or two cells at the bot- 
tom of the crypt. With increasing proximity to the tu- 
mor, more  crypts and a greater percentage of  these 
crypt cells expressed the protein,  manifested as an 
upward shift of positivity within the crypt. 

reg I protein was present  in the eight adenomas 
harboring cancers. This was significant since adeno- 
mas are believed to be an impor tant  intermediate 
stage in the abnormal progression of normal colonic 
epithelial cells to carcinoma. The  detection of reg I in 
all of  the adenomas harbor ing malignancy further 
supports the implication that reg I could be a protein 
involved in early tumorigenesis. 

The  earliest step in the development of colorectal 
neoplasia is believed to be an increase in cellular pro- 
liferation within the normally restricted zone at the 
base of  the colonic crypt and the retention of  cells ca- 
pable of proliferation at the top of the colonic crypt. 23 
In fact, in vitro labeling of  colorectal mucosa has 
shown an increase in proliferation at the transition 
zonefl 4 as well as in the entire colon of patients at 
risk. 2s Other investigators have shown that oncogenes 
such as c-fos and c-jun are upregulated within the nor- 
mal-appearing mucosa adjacent to colorectal tumors, 
and they have suggested that these areas are therefore 
preneoplastic. 26 Recently, investigators have described 
the aberrant c ryp t  27 in normal-appearing mucosa. 
Aberrant  crypts are found in higher  frequency in 
colons at risk for cancer, and they are believed to be 
the earliest precursor to colorectal neoplasia. To date, 
there are no consistent histochemical markers for 
colons at risk for neoplasia. 

In our study the strongest positivity for reg I was 
consistently detected at the zone of transition from 
normal  to malignant  cells and in all adenomatous 
glands. This  interface is a hot zone for increased cel- 
lular proliferation, tumor  oncogene overexpression, 
and aberrant crypt localization. No t  all cancers were 
positive for the protein, nor  was it found in normal 
colonic tissue. This  suggests that the production of 
reg I by the colon is a marker of mucosa at risk for 
neoplasia. 

The  precise nature of the role that the reg I plays in 
tumorigenesis, however, remains to be elucidated. No  
hypothesis is available at present regarding the func- 
tion of reg I even in tissues where it is normally ex- 
pressed, reg I was originally isolated in pancreatic juice 
and was called pancreatic stone protein 11 or pancre- 
atic thread protein)  3 T h e  gene is located at chromo- 
some 2p12, near an area that codes for two important  
mismatch-repair genes. 2s,29 Damage to these genes, 
routs and MSH2, has recently been proposed to be 
the mechanism of injury leading to hereditary non- 
polyposis colon cancer. The  proximity of reg I to these 
genes could be a factor in its induction during neo- 
plasia. 

The  amino acid sequence or reg I predicts it to be 
a calcium-dependent lectin, 2 which is believed to be 
involved in cell growth and proliferation. Lectins such 
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as peanut lectin and Amaranthus caudatus agglutinin, 
soybean agglutinin, and Ricinus communis agglutinin-1 
have been used as exogenous markers for colonic dif- 
ferentiation and neoplasia. 3~ To our knowledge reg I 
is the only marker described to date that is not  typi- 
cally expressed in the normal colon but is present in 
areas of  neoplastic transformation and could be used 
as an endogenous marker. 

T h e  function of reg I protein is still unknown. Orig- 
inal studies on pancreatic stone protein (identical in 
sequence to reg 2) showed the N-terminus of  the mol- 
ecule to be important  in preventing calcium carbon- 
ate precipitation in pancreatic juice. 11,12 ha 1988 Tera- 
zono et al.t described reg I as an exocrine product in- 
volved in pancreatic islet formation. In 1994 Watanabe 
et al. 32 showed a direct mitogenic effect of  recombi- 
nant reg I protein in vivo in a model of islet regenera- 
t ion following pancreatectomy. We have recently 
shown that  the reg I gene is induced very early in a 
model of  islet hyperplasia 9 and that the rat and human 
protein product is mitogenic to pancreatic [~-cells and 
ductular cells in culture. 21 Also, we have shown that in 
vitro reg I gene expression and protein expression in- 
versely correlate with the level of  cellular differentia- 
tion. 7 Specifically, as AR42J cells differentiate, cellular 
proliferation decreases, amylase production increases, 
and reg I gene and protein production decrease. It is 
therefore possible that reg I is either a proliferative fac- 
tor in colorectal mucosa or simply a marker  of  the 
state of  cellular differentiation. Although in normal ar- 
eas its genetic expression is inhibited, in areas of  de- 
differentiation and neoplastic transformation the gene 
is induced and the protein translated. Both the genetic 
expression and the protein product ion  of  reg I are 
therefore potential useful markers of  colonic mucosa 
at risk for malignant transformation. 

C O N C L U S I O N  

To confirm the usefulness of  reg I as a marker for 
mucosa at risk for neoplasia, fur ther  studies are 
needed. Specifically, colon specimens from patients 
with genetic dispositions for cancer, such as familial 
polyposis and Lynch syndrome, should be evaluated. 
Colons of  patients at risk for the development of  can- 
cer because of  conditions such as ulcerative colitis or 
other gastrointestinal malignancies involving the pan- 
creas and /or  s tomach need to be studied. Finally, 
measurements of  local mucosal levels ofreg I m R N A  
or protein might  have a use in confirming safe mar- 
gins of  resection in colon cancer surgery. 

T h e  availability of  means to detect reg I RNA and 
protein from small biopsy-sized tissue samples would 

add to the potential  use of  reg I as a tool in cancer 
therapy. We have recently described a method of  as- 
sessing the reverse transcriptase polymerase chain re- 
action that is applicable to very small biopsy-sized tis- 
sue samples 33,34 and could be adapted to reg I levels in 
colon tissue. Also, a f luorometric immunoassay has 
recently been devised to quantitate pancreatic stone 
protein providing sensitivity for concentrations rang- 
ing from 0.015 to 0.5 ~g/ml. T h e  sensitivity for lower 
concentrat ions can be enhanced by electrophoretic  
methods. 
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Discussion 
Dr. 1t, Schirmer (Charlottesville, Va.). Have you ever 

examined specimens from patients with familial polyposis 
or rectal segments from patients with ulcerative colitis or 
villous tumors to see whether there is expression of  the reg 
protein in those tissues? 

Dr. M.E. Zenilman. O f  the polyps we examined, half 
were villous and half were tubulovillous, and all o f  them 
were positive for reg L We are presently going back and 
looking at fixed specimens from patients with ulcerative 
colitis and familial polyposis to see whether in areas of  dys- 
plasia, which is considered the worrisome precursor, reg is 
expressed there. This would be a very useful marker and 
tests could be performed relatively quickly in the pathol- 
ogy laboratory. 

D~. j-7. C. Thompson (Galveston, Tex.). From the way you 
describe this, I get the impression that you think this gene 
is some sort of  trigger but that it is lost in the neoplastic tis- 
sue. Have you tested the actual tumors themselves for mes- 

sage for this gene and, if so, have you noted any correlation 
between the degree o f  dedifferentiation and the presence 
of  message in the tumor? 

Dr. Zenilman. We are planning a prospective study in 
which we are going to take sections o f  specific intervals 
from the tumor, both cireumferentially and longitudinally, 
and from within the tumor  itself. I think reg I is a gene 
product that turns on and then turns off as the neoplasia 
starts to take over. I am not sure it has anything to do with 
neoplasia itself other  than being a marker. Interestingly, 
chromosome 2p12, where we localized the gene, is right 
next to two recently described mismatch-repair genes, mu- 
rations that are found in patients with hereditary nonpoly- 
posis colon cancer, reg I product ion may be an effect o f  
those mutations and is therefore a marker o f  it. 

D~. 11/1. Tobi (Detroit, Mich.). The  transition zone is ex- 
tremely versatile with regard to expression of  ectopic-type 
phenomena. We know that in the fetus we can see the ex- 
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pression of blood group antigens. Have you examined this 
area for other ectopic expressions such as, for example, in- 
compatible blood group expressions, and are you planning 
to study fetal tissues? 

Dr. Zenilman. The  answer to the first question is no, 
we have not looked at other ectopically expressed proteins. 
We have seen, in the mouse, that reg gene expression is 
turned on along with insulin gene expression very early in 

embryogenesis, before the pancreas is even visible. We also 
have very preliminary data which suggest that the reg gene 
might be turned on in fetal tissue in the intestine even be- 
fore birth. As of yet, I am not completely convinced of it, 
but we have some very fine in situ work that is highly sug- 
gestive of it. It might be an embryologic marker for gas- 
trointestinal development. 


